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bees discovery by Darling! in 1906 and the subsequent report of three eases 
of histoplasmosis in Panama has been followed by the observation of seven 
cases of this fatal systemic disease in this country. We are recording here the 
eighth case of systemic histoplasmosis that has occurred in the United States.t 
Diagnosis was made from the blood smear and blood culture during life. The 


disease in a systemic form also has been transmitted to guinea pigs for the 
first time. 

Between the vears 1906 and 1909 Darling? reported three cases of a sys- 
temic parasitie infection, the causative organism of which he named Histoplasma 
capsulatum. In eaeh ease diagnosis was made following autopsy, and Darling, 
beea 


se of the clinical picture and the resemblance of the parasites to Leishman- 
Dono 


an bodies, believed it to be a tropical disease related to kala azar. Not 
until 1926 was the next ease recorded, and this by Riley and Watson,* * was the 
first 'o be reported from North America. In the same year, Phelps and Mallory® 
reporied a ease of ‘‘histoplasmosis of the lung,’’ but neither the disease nor the 
pathology of this ease resembled that of systemic histoplasmosis. <A fifth ease 
Was iound in an American negro in 1931 and was reported by Crumrine and 
Kessi In all these cases the diagnosis was made only after autopsy, and at- 
temp’. to eulture the parasite were unsuccessful. Dodd and Tompkins’ dis- 
gini mm the Departments of Bacteriology, Medicine, and Pathology, Medical College of Vir- 
inia 
nee this report was written seven additional cases of systemic histoplasmosis have been 
Meleny, H. E. (Am. J. Trop. Med. 20: 603, 1940), rev iewing the literature, records 
inpublished cases, four of which appear to be systemic. 
eived for publication, June 18, 1940. 
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covered in 1934 the sixth case in an infant from Tennessee. The diagnosis was 
made in this case for the first time during life by the finding of the parasites 
in the monocytes of the blood. For the first time, likewise, the organism was 


successtully cultivated from material obtained at autopsy, and DeMonbreun® 


was able to produce the disease in monkeys by intravenous injection of cultures. 

Subsequently, Agress and Gray,” Amolsch and Wax,'® Shaffer, Shaul, and 
Mitchell"! and Clemens and Barnes,'? reported cases of systemic histoplasmosis 
in which diagnosis was established at postmortem Hy the finding of the parasites 
within the cells of infected organs. Culture of the parasite from the spleen was 
obtained in only one of these four cases, that reported by Clemens and Barnes 

Clinieally, systemic histoplasmosis, as deseribed by Darling, is characterized 
by ‘‘splenomegaly, emaciation, irregular pyrexia, leukopenia, and anemia 
Only in the ease of Crumrine and Kessel was splenomegaly absent. The pathol- 
ogy has been deseribed as **the invasion of endothelial cells in the smaller Lymph 
and blood vessels and capillaries by enormous numbers of a small eneapsulated 
organism (//istoplasma capsulatum), causing necrosis of the liver with eirrho- 
sis, splenomegaly, pseudogranuloma of the lunes, small and large intestines, 
with ulceration of the latter, and necrosis of the Ivmph nodes draining th 
injected viscera.’ ”' 


CASE REPORT 





The patient, a $S-vear-old negro man, was referred to St. Philip Hospital, on March 25, 


1939, for diagnosis. His chief complaint was **weakness,’* a symptom which had become 


progressively more pronounced since it was first noticed in mid-December. \ janitor in a 
real estate office, he had continued at work until the day before admission, in spite of an 
increasing weakness of his arms and legs, which steadily increased the effort required in the 
performance of his routine duties. He had had a loose cough with slight expectoration 
since January, and had noted profuse sweating, associated at times with the sensation of 
‘chills.’? The sweats were noticeable especially at night, often being of a severity sufficient 
to make him get up and change his clothing. For two months previous to his admission to the 
hospital he had been unable to walk more than a city block without sitting down to rest 
because of dyspnea and weakness in the knees. His appetite had grown progressively poorer, 
and during the last week he had drunk only milk. Hoarseness also had been noted during 
the last week. The patient believed he had lost about 50 pounds in weight, and for 
weeks had been troubled with a watery diarrhea. 

Past history was nonessential, except for the observation that the patient, born in 
South Carolina, had lived in Richmond, Va., for the past twenty vears and had had no know? 


contacts with the tropics. His health had been good until the present. 


Physical Eramination: The patient’s skin was hot and moist. His mucous membranes 
were pale. He was very cooperative but a marked hoarseness made difficult) his response 
to questioning. His temperature was 102° F., pulse rate 108, and respiration, 22 per min 
ute. Examination of the eves revealed small, white, irregular areas surrounded by hemor 
rhages in both fundi. These were not unlike tubercles. The pharynx was reddened, On 
laryngeal examination there was seen to be edema of both arytenoids with hyperemic ds 
which did not approximate well. The right cord especially was roughened, but there re 


no ulcerations. Lymph glands in the axillary, cervical, submental, and popliteal areas we 
enlarged, soft, discreet, and nontender. Chest examination revealed moist rales in bot] 
posteriorly and bronchial breathing on the right, anteriorly, just below the nipple «rea. 
With the exception of a soft systolic murmur, which was heard over the apex and not tran 
mitted, heart examination was negative. The blood pressure was systolic 124 and dinstolie 
60. The abdomen was negative: neither the spleen nor the liver was palpated. There were 
no alterations in reflexes. The admission impressions were miliary tuberculosis, bea rial 


endocarditis, and Hodgkin’s disease, 
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Laboratory Examination: Urinalysis: specific gravity 1.015, trace of albumin, ocea 
sional pus cell and hyaline cast. Blood: red cells 2,540,000; hemoglobin 54 per cent; white 
cells 3,200; differential count: neutrophiles, 6S per cent, lvmphocytes, 28 per cent, mono 
eytes 4 per cent. Bleeding and clotting times were normal. Blood chemistry: sugar 141] 
mg., nonprotein nitrogen 25 mg., calcium 7.8 mg., phosphorus 5.1 mg., total protein 4.7 mg,, 
albumin 2.1, and globulin 2.6. Complement fixation and flocculation tests were negative. 
Spinal fluid, stool, and agglutination examinations were also negative. 

Roentgenologie examination of the chest showed ‘‘irregular mottling on the right 
first and second interspaces anteriorly with moderate density of the hilum and trunk shad 
ows on the right, suggesting definite, minimal tuberculosis of the right lung.’’ 

In the hospital the patient ran a septic type of temperature which was characterized 
by an irregular regularity. This ranged between 100 and 103 degrees, rising to the higher 
level between 4 and 12 p.m. and falling during the night and early morning, only to rise 
again in the late afternoon or evening. This occurred daily without exception until the 
final week of his illness, when the temperature fluctuated between 99 and 101 degrees with 
the higher level still in the afternoon. 

The patient continued to grow weaker, and, when repeated sputum examinations were 
negative for the tubercle bacillus, the hematologic service was consulted because of the anemia. 

Study of the blood smear showed no malarial parasites. However, because of the 
presence of an endothelial type of monocyte, one of us (Hl. TI.) continued to examine the 
smear further, the search being finally rewarded by the finding of a large phagocytic cell 
containing numerous small bluish lvaline bodies which, at the time, were not identified. The 
report on this examination was: ‘* Blood smear shows slightly regenerative, hypochromic, 
microcytie anemia with rare normoblasts. There is a left shift at the stab level and the 
neutrophiles show slight toxie granulation with frequent Dohle bodies. An occasional * blast’ 
cell is seen and the platelets appear greatly reduced. On checking, these were found to 
number 122,000 (normal 500,000). Phagoeytie monocytes are present and rarely one of 
these is seen to contain numerous small bluish hyaline bodies with dark staining nuelei. 
These measure 24 to 4u and vaguely resemble Leishman-Donovan bodies. ’’ 

Sternal puncture was resorted to for further study of the blood. The bone marrow 
aspiration showed numerous monocytes filled with the parasites, and there were numbers of 
neutrophiles containing from one to five organisms. The marrow was moderately erythro 
blastic and contained a number of plasma cells. Megakarvoeytes were notably decreased. 
In addition to the parasites there were phagocytosed red and white blood cells in the large 
endothelial cells, many of which were binucleated. 

Following this finding, an axillary lymph node was removed. This showed a chronie 
lymphadenitis with proliferation of the reticulum, the reticulum cells, under oil immersion, 
being engorged with numerous inclusion bodies which possessed a pale peripheral halo and 

faint oval basophilic center, 

\ previously negative blood culture was re-examined and a fresh culture was taken. 
These were examined for fungi and found to be positive for Ilistoplasma capsulatum. In 
the meanwhile daily blood smears continued to show the parasites in increasing numbers. 
While at first the parasites had been observed only in the monocytes, as the disease pro 
gressed the neutrophiles were found to contain them. There was a steady increase in toxic 
degen itive granulation of the leucocytes, as normoblasts and myelocytes began to appear 
in greater numbers, and the patient, becoming gradually weaker, died in stupor on April 
24, 1! 

POST-MORTEM EXAMINATION 
(Abstract from Protocol) 


ternally the only finding of interest was that of a moderate swelling of Ivmph nodes 
in the illa, groin, and neck. No skin lesions of any type were noted, 
ar: The right pleural cavity contained approximately 500 ¢.c. of clear straw 
colored ‘luid. There was no effusion into the left pleural cavity or the pericardial cavity. 


7 


gs: The base of the right upper lobe in its lateral aspect showed a depressed 


stellat, rayish-white area, measuring approximately 0.5 c¢m. in diameter in its central por 
tion. 


‘tions through this lesion showed a roughly triangular area slightly raised, measur- 
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Fig. 1.—Peripheral blood showing parasites in polymorphonuclear cells. 


Fig. 2.—Large binucleated endothelial cells containing numerous parasites. Sternal pone 
marrow, 
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Endothelial cell from bone marrow puncture is shown with engulfed normoblasts and 
parasites. 


!.—Numerous endothelial cells with parasites seen in parts of smear from sternum. 
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ing about 2 em. at its pleural base and 3 em. from the base to its apex near the hilus. This 


area of infiltration was composed of discrete and frequently conglomerate nodules, measu 
ing from the size of a millet seed to 3 mm. in diameter. They were situated for the mos 
part peribronchially, but did not show rosette formation or any other distinct pattern of 
distribution. On cut surface the nodules were raised, grayish white in coler and partially 
ecaseous in their center. The margins of the larger confluent areas of gravish-vellow necroses 
were firmer and presented a somewhat gritty sensation when scraped with a knife. The 
intervening tissue was slightly depressed beneath the cut surface with grayish-white pro 

nent bands. There was abundant anthraecosis in this aren. No abscesses were seen. — T! 
remaining parenchyma of both lungs was normal. The hilar lymph nodes were moderate! 
enlarged and contained carbon pigment; they failed to disclose distinctly visible nodules 
or areas of caseation. 

Spleen: The spleen weighed 500 Gm. and measured 14 by Tl by 7 em. Tt was firme 
in consistency than normal. The pulp did not scrape away on the knife edge. The 
licular and trabecular structures were obscured. 

Kidneys: Each kidney weighed 200 Gm. and measured 10 by 7 by 4 em. Their su 
faces were very finely granular. The cut surface was very moist. There was an eversion of 
the cut edges. The corticomedullary demarcations were markedly obscured, The arehite 
ture of the medulla and cortex proper appeared to be normal, 

Liver: The liver weighed 2.400 Gm. Its dimensions were 27 by 1S by 10 em. Grossly 
it presented no abnormalities. 

Intestines: The lower 45 em. of the ileum, the cecum, and the ascending colon showed 
scattered mucosal nodules, measuring from 2 to 5 mm. in diameter, raised about 2 mm, above 
the surface. The smaller nodules were grayish white. On sectioning they were firm and 
solid. The larger ones showed central areas of caseation. In the ceeum and ascending 
colon were found numerous areas of ulceration, mostly round in shape. Their margins were 
sharp but ragged and surrounded by a hemorrhagic zone. They did not seem to be un 
dermined. The ulcers measured from 1 mm. to about 5 mm. in diameter. 

Lymph Nodes: The mesenteric lymph nodes were moderately enlarged. The para 
aortic Ivmph nodes and Ivmph nodes of the liver hilus were markedly enlarged, matted 
together in irregular masses adherent to the adjacent tissues, They were firm to patpa 
tion and on section showed irregular well-defined areas of vellowish necrosis. 

Vertebral Bone Marrow: Showed grossly no abnormalities. 


MICROSCOPIC EXAMINATION 








Organisms: Characteristic organisms of J/istoplasma capsulatum were found in the 
lungs, spleen, kidney, intestines, liver, pancreas, lymph nodes, and bone marrow. The organ 


ism itself was usually round, or slightly oblong, in shape, and measured approximatel) Pu 


to 4u in diameter. In both the ordinary hematoxylin-eosin stain and in Goodpasture’s stain 
the external membrane was nonstaining and doubly refractile. The internal structure © 
the organism was variable. It contained a clear vacuolated nonstaining cytoplasm al 
bluish-stained chromatin material, the arrangement of which varied greatly, In- soni 
them the chromatin material was finely granular and found in the center of the body I 
some it was situated at one or both poles in the form of small and larger round masses; 10 
others these unipolar or bipolar masses were more crescentic in shape and partially encu 
cled either one or both poles. In still others they seemed to encircle the periphery entirely. 
In all bodies the rémaining portion of the organism was composed of a nonstaining ) 
plasm which was negative for both Ziehl-Neelsen and fat stains. For the most part 
organisms were found ingested in cells, but occasionally they were found free, singly nd 
in groups. 

Typical Lesion: The typical lesion produced in the various organs by J/istoplusmd 
capsulatum was a rather characteristic nodular granuloma resembling a tubercle or a guiim 
The nodules varied in size from 1ldu to 20u to several millimeters in diameter. The s ler 


were circular in outline, the larger appeared to be confluent, disclosing serpiginous borde 
or a maplike outline. The central portions were composed of eosinophilic staining, pa lly 


granular, unidentifiable material. Some foci of necrosis contained many nuclear frag! ts. 
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In many of them, this central area of necrosis still revealed a shadowy outline of the under 


lying structures. Capillaries were found to be coursing through the entire nodule and were 
often seen to be patent and filled with blood, even in the center of the necrosis. The cen 
tral necrotic areas frequently disclosed the structure of elastic membranes. still completely 
or partially intact. The alveolar septa and vessels could easily be reeognized within the 
areas of necrosis by elastic tissue stains. At the periphery the necrotic areas shaped them 
selves into ill-defined faintly staining ‘‘ghosts’’ of markedly engorged mononuclear cells. 
Still more peripherally the large monocytes were well preserved. They contained ingested 
material which was composed of large numbers of closely packed Histoplasma capsulatum 
organisms. About the periphery of the nodules were seattered plasma cells, lymphoeytes, 


and a few polymorphonuclear cells. Giant cells and epithelioid cells were absent. 


Yeastlike forms of Histoplasma capsulatum from a six-day-old culture on sealed blood 


agar slant at 37° C. Wet mount (700). 


Hyphae developing from yeastlike form in semisolid culture media containing fresh 


blood at 37° C. Wet mount (700). 


gs: Seetions through the lesions at the base of the upper lobe of the right lung 
show any of the typical granulomas described. Here they were mostly confluent. In 
wanes a cytoplasmatic mass was encountered which resembled a Langhans’ giant eell: 


vesicu nuclei were grouped around a pink-staining cytoplasm. If could not, however, be 


rr 
> 
defini: identified as a foreign body giant cell. In addition to the above-described typieal 


lesion ‘iere was a marked polymorphonuclear cell infiltration in a diffuse form in the 
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Fig. 7.—Early mycelial type of growth in same media as Fig. 6 at room temperature. Wet 
mount (xX700). 


Fig. 8.—Development of mycelial form on dextrose agar plates at room temperature, showing 
enlarging arthrospores. Wet mount (700). 


Fig. 9.—Further development of arthrospores showing the tuberclelike protrusions. Wet m unt 
(700) 
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interalveolar septa. There were also discreet areas of dense infiltration with polymorpho 
nuclear cells, which showed a liquefactive necrosis of the underlying tissues. These pos 
sessed all the characteristics of a true, though small, abscess. Marked interstitial infiltra 
tion with lymphocytes and plasma cells was found in the vicinity of the above-described 
granulomatous nodules in the interalveolar septa. There was extensive fibrous scarring 
throughout. A number of large discrete areas were encountered which resembled old 
healed conglomerate tubercles. In fact, from a histologic point of view, they could not 
be distinguished from the latter. It is uncertain whether or not such foci should be looked 
upon as a healing phase of the granulomas caused by /istoplasma capsulatum. 


Vessels were involved in the inflammatory processes. Arteries of various sizes were 
seen with proliferating endarteritis and complete obstruction of their lumina. The granula 
tion tissue in many areas involved medium-sized and smaller veins. Elastic tissue stain 
disclosed that all layers of the wall were infiltrated by a variety of small round cells. The 
elastic lamellae, in particular those of the adventitial layers, were ‘‘teased up,’’ split apart, 
and partially disintegrated. The process encroached upon the media and resulted in dis- 
integration of the wall and segmental disappearance of elastic fibers. Many veins showed 
proliferation of subintimal cells with formation of intimal pads. In some of these the 
granulation tissue completely occluded the lumen. 


Fig. 10.—Three weeks’ old culture on Sabouraud’s dextrose agar at room temperature. 
erial hyphae which give the colony its fluffy appearance are plainly visible. Wet mount 
) 


Spleen: The spleen showed many minute discrete nodules of the typical type.  Poly- 
lionuclear cell reaction, however, within or in the vicinity of these granulomas was 

scarce. The sinusoids were dilated and contained large monocytes and desquamated 
lum cells, both of which were markedly engorged with organisms. There was diffuse 
plasia of the reticulum which was best seen in silver stains, 


Panereas: The pancreas showed a slight diffuse lymphocytic and plasma cell infiltra 


f the somewhat edematous interstitial connective tissue. There were also scattered 
phages that contained the ingested organisms. Characteristic nodules were not en 


‘idneys: The kidneys did not show specific nodules. The organisms, however, were 


occa 


nally found in large cells in the glomerular tufts. It could not be determined whether 
thes 


ells were endothelial or epithelial. The interstitial tissue of the cortex showed edema 


and moderate infiltration with plasma and round cells. Occasional polymorphonuclear 
cells vere also encountered. 


ver: The liver contained many minute and larger typical Histoplasma capsulatum 
They bore no special relation to the liver lobules, some being found in the portal 


‘thers midway between the center and the periphery of the lobules, and still others 


nod 


area 
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occupying most of the lobule. In addition, Kupffer cells throughout the entire liver sub 
stance were greatly increased in size and contained the organisms. Otherwise the liver wa 
essentially negative. 

Intestines: The ulcers about the ileocecal region were rather superficial, and, as 
rule, did not extend deeper than the submucosa. The edges were rather sharp, not unde: 
mined. The floor and margins were composed of necrotic tissue with nuclear fragments and 
‘“chosts’’ of large mononuclear cells with phagocytosed organisms. Beneath the floor wa 
found a layer of nonspecific granulation tissue that contained many mononuclear macr 
phages with ingested organisms, a variety of larger and smaller round cells, fibroblasts, an: 
capillaries. Polymorphonuclear cells were found abundantly within this granulation tissue 
The involvement of the vessels was of the same type as that described in the lungs. 

Lymph Nodes: They contained many typical granuomas already described. Reticulu 
cells throughout were very conspicuous, being greatly engorged with organisms. The fol 
licles were small and widely separated by diffuse hyperplastic reticulum. Polymorpho 
nuclear cells were scarce. Many veins in the periphery were engorged with macrophagy 
that contained the organisms. Periendophlebitis, as described in the lung, was likewise 
encountered in the vicinity of the caseous granulomas, 

Bone Marrow: Rather actively functioning, the bone marrow contained numerous large 
mononuclear macrophages and reticulum cells engorged with the organisms. 

Brain: Permission for examination of the brain was not given, and it was, therefore, 
not possible to examine the eyes. 


The remaining organs of the body were essentially negative. 
MYCOLOGIC STUDIES 


The clinieal symptoms of histoplasmosis are so ill-defined that only one of 
the ten cases published previously has been diagnosed before the death of the 
patient. In this case, presented by Dodd and Tompkins,’ the typieal veastlike 
bodies of Histoplasma capsulatum were found in the smears of the blood. Later, 
the fungus was also cultivated from the blood by DeMonbreun.* Clemens and 
Barnes'* have also reported finding the parasite in a blood culture taken on 
their case and examined one month later after diagnosis was established at 
autopsy. Since the ante-mortem diagnosis of this infection rests, at the present 
time, upon these findings, we are presenting the cultural methods used in obtain 
ing the parasite from this case of systemic histoplasmosis. 

The blood eulture media utilized for routine work in the laboratory and 
which we used in this study is prepared as follows: Veal infusion broth con 
taining 0.3 per cent dextrose, 0.5 per cent sodium citrate, and 0.2 per cent agi 
adjusted to pH 7.4 is sterilized in 40 ¢.¢. amounts in small Erlenmeyer flasks 
Usually 10 ¢.c. of blood are taken from the patient and inoculated direct!) 
into the flask. Incubation is carried out aerobically or anaerobically, as the 
case may warrant, at a temperature of 57° C. 

The first blood culture was received from the patient four days after ad 
mission to the hospital, and approximately fourteen weeks after the onset o 
symptoms. This culture was found to be contaminated and was discarded at 
the end of four days’ incubation. A second blood culture was received thre: 
days later. There were noticed in this flask at the end of twelve days’ incul 
tion numerous yeastlike bodies and a few scattered mycelial threads. One 
us (H. I.) had found similar bodies somewhat earlier in smears prepared fro 
the peripheral blood. These bodies were always found within the cells, p: 


ticularly within the cytoplasm of the large monocytes. The yeastlike cells 
the blood culture media tended to adhere to one another after division and we 
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often found in small clusters, particularly in wet preparations. One or two 
dark granules were visible within the otherwise clear evtoplasm of these un- 
stained cells. When stained by Wright’s method, the organisms were almost 
identical in appearance to those occurring in the tissue cells. They appeared 
as oval, occasionally round, cells, 2.7 to 3.64 in their longest diameter, exelu- 
sive of the capsule surrounding them. In this respect they were slightly larger 
than the parasites within the cells, the majority of which were between 1.8 
and 2.7n, although infrequently larger cells measuring up to 3.64 could be 
found. Within the parasite was a dark staining chromatin-like mass placed 
either at the larger end or in a semilunar arrangement at the end and alone 
the side walls of the cells. 

On the same day that this findine was made, a third specimen of blood was 
taken in citrate solution. When this was cultivated on Sabouraud’s dextrose 
agar plates, funei again were isolated. 

Subcultures of the first blood culture showing growth were made in dupli- 
eate on Sabouraud’s dextrose agar, dextrose extract agar, brain veal agar, and 
sealed brain veal blood agar slants. One set of slants was incubated at 37° © 
and the other set at room temperature. Growth first appeared in the subcul- 
tures on Sabouraud’s dextrose agar and dextrose extract agar kept at room 
temperature. Within five to six days small white colonies with a downy surtace 
were visible. They slowly increased in size, with the production of white, 
feathery, aerial hyphae, arising from a base which beeame brown in color as 
the colony aged. The colonies adhered tenaciously to the surface of the media 
and were removed with difficulty. Similarly growth appeared on the plain 
brain veal agar slightly later, but at no time was growth on this media as heavy 
or as rapid as that on media containing dextrose. 

Wet preparations of material from these colonies showed branched, hyaline, 
septate mycelium, 24 to 5a in diameter, within whieh were seen many dark, 
dancing granules. Developing arthrospores, 8u to 13” in diameter, were visible. 
They oeeurred on the ends of branehes or from stalks along the hyphae. These 
smooth-walled spores also contained numerous sporelike bodies which Moore' 
considered to be endospores. The studies of Howell!’ have shown these larger 
cells to be true aleurospores. Oceasionally in old cultures one could see tuber- 
culate spores, pyriform in shape. 

On sealed blood agar slants and in semisolid enlture media containing fresh 
blood ineubated at 37° C. the tendeney was for the fungus to grow in the veast- 
like stage. Cells somewhat larger than those seen in the tissues formed. These 
observations were similar to those of DeMonbreun,* who first determined the 
two forms of growth for this organism. The first, the yeastlike form, oceurs in 
the body and on blood agar slants. He used the growth from these slants to 
reproduce the disease experimentally in monkeys. The second, the mycelial 
staes that we have deseribed above, oceurs on media ineubated aerobically at 
roon: temperature. Intermingled with the yeastlike forms were larger cells 
fro whieh hyphae appeared to be developing. The gross appearance of the 
growth on sealed blood agar slants was that of dull, grayish-vellow colonies, 


adhi ring well to the media. The surface of the colonies was smooth with 


slight tendeney to the formation of aerial hyphae. 
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PRELIMINARY ANIMAL EXPERIMENTS 

Mice. Ten mice were inoculated intraperitoneally with amounts varyin: 
from 0.5 ¢.c. to 1.0 ¢.c. of a saline suspension of the six days’ growth from thi 
sealed blood agar slants. Although there was some indication of infeetion it 
two mice, the results with these animals were unsatisfactory, perhaps due to 
their relative insusceptibility to infection with the fungus. 

Rabbits. Two rabbits were injected intravenously with 1.5 ¢.¢. each of 
similar suspension to that used in mice. Seven weeks later the animals wer 
killed and autopsied. The organs were normal on gross appearance. Smears 
prepared from various tissues failed to show the Histoplasma capsulatum bodies. 

Guinea pigs. One guinea pig was inoculated intraperitoneally with 1.0 ©. 
of the original growth in the blood culture media. This culture had been ineu 
hated for two weeks at the time it was used for the animal inoculation. The 
pig gradually lost weight, and at the end of seven weeks was greatly emaciated. 
It was killed at this time and examined for evidence of infection. Lesions typical 
of those found in histoplasmosis were present. 

There was a collection of fluid in both the peritoneal and pleural cavities. 
The spleen was enlarged to approximately three times its normal size. The 
inguinal lymph nodes were enlarged. The lesions in the lung partially involved 
the pleura and gave rise to a local fibrinous pleuritis. Smears made from the 
peritoneal fluid, spleen, Ivmph nodes, lungs, liver, and bone marrow showed 
many histoplasma bodies present both free and within the cells. 


Histologic examination. Small granulomas were seen in the lungs, liver, 


and spleen. /istoplasma capsulatum organisms were noted in these organs and 


also in the lymph nodes and bone marrow. The lesion was essentially similar 
to that deseribed in the patient. 

Histoplasma capsulatum was grown from tissue taken from the lungs, spleen, 
and lymph nodes. 

COMMENT 

The hematologic aspects of our case are of particular interest, for if the 
diagnosis is to be made before autopsy it must be from a study of the blood 
and blood culture. Onee one has seen these large, vacuolated endothelia! 
phagoeytes with wavy, pale staining, light blue cytoplasm engulfing numbers of 
the parasites, one should be able to recognize them thereafter without diffi 
culty. The disease may be more common than has been supposed, and the find 
ing of an anemia with leucopenia in a weakened, emaciated patient who is found 
to have a septic temperature should lead one to search the blood smear for 
these parasitic-laden monocytes. 

Presence of the Histoplasma capsulatum in the neutrophiles has not  be« 
noted in other cases reported. In the terminal phase these were noted 
increasing numbers, the polymorphonuclear cells containing from one to fi 
parasites. The further observation that the organisms, as in kala-azar al 
malaria, appear in great numbers in the bone marrow makes sternal punctu 
valuable as a diagnostic approach in suggestive cases. 

The stage of the disease in which the parasite may first be found in the blo: 
in human beings is not at present known. As sternal puncture, performed t 
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same day the organism was found in the blood only after prolonged search, 
showed parasites in the bone marrow in great numbers, this should prove a 
valuable aid in early diagnosis. Blood culture at this time also was positive. 


11.—Histoplasma capsulatum organism in an endothelial cell in a glomerulus of the kidney 
(X2,500). 


Fig. 12.—Large tubercle-like granuloma in the lung (X25). 


odd and Tompkins’ felt that the anemia of histoplasmosis was to be at- 
tribuied in part to the phagocytosis of red blood cells. While phagocytosis 


must undoubtedly play a part, the leuco-erythroblastie type of blood smear 
and \1e numbers of large monocytes found in the bone marrow would suggest 
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that the anemia is largely due to crowding of the marrow by numbers of 
these large monocytes. 

The tuberele-like lesions with hemorrhage in the fundi have not been noted 
in the other reported cases. It is unfortunate that post-mortem verification 
of these lesions was not possible. 


Elastic tissue stain, lung. Granulation tissue breaking 


through the wall producin: 
subintimal proliferation (150). 


Fig. 14.—Alveoli of the lung containing large endothelial cells filled with the parasites ( x BI 


Histoplasma capsulatum can be grown with comparative ease on a variety 
of media, using either fresh or citrated blood from the patient. However, flask 
of liquid or semisolid media, such as we have used, are most desirable beea 
of the larger amounts of blood that ean be inoculated. 





REID ET AL.: SYSTEMIC HISTOPLASMOSIS 433 

Initial growth is slow in the blood culture media ineubated at 37° C. The 
yeastlike forms that develop under these conditions may not be numerous enough 
to be easily seen in wet mounts or stained preparations until one or two weeks 
have elapsed. When stained by Wright’s method, the voung cells are in ap- 
pearance very similar to those seen in blood smears from the patient. The dark 
staining chromatin mass within the cells lies either at the end or along the side 
walls. Many cells are surrounded by a clear eapsular-like area. 

The vegetative form of the fungus develops when these cells are subcultured 
on solid media and incubated at room temperature. Growth occurs more rap- 
idly than in the initial isolation and may be visible within five to six days as 
small, white, downy colonies. This type of growth is characterized by the forma- 
tion of large, tubereulate spores which are an aid in identifying this and related 
species and may be seen in wet mounts of the colonies. They have been likened 
in appearance by DeMonbreun* ‘‘to the ancient Teutonie war elubs.’”’ 

No previous report of the reproduction of systemie disease in guinea pigs 
has been noted. We have successfully infected this animal by intraperitoneal 
injection of the veastlike form. A slowly progressive infection was produced, 
and at autopsy the typieal pathology of histoplasmosis was observed. 

Thus far, our attempts to reproduce the disease in mice and rabbits have 
not been successful. 

It is interesting to note that the parasite was seen at autopsy in the kidneys 
of both the patient and the experimentally infected animal. This offers the 
future possibility of isolating the organism from the urine. Preliminary experi- 
ments with guinea pigs, which will be reported later, bear out this suggestion. 
We have been able to isolate the organism from this souree on several oceasions. 

Frequently the lesions found at autopsy have been compared with the 
tuberele. Though the foei vary to a certain extent in various organs according 
to the stage of development, they differ essentially from the tuberculous lesion 
in that true epithelioid cells and Langhans’ giant cells are absent. The large 
mononuclear cell reaction in some areas may closely resemble epithelioid cells 
of an early tubercle, but parallel arrangement in radiating fashion, elongation 
to spindle-shaped cells, and a resemblance to endothelial or connective tissue 
elements could nowhere be demonstrated. Furthermore, the lesions of the lung 
differ essentially from the formation of tubercles in that the tissue undergoes 
necrosis apparently before proliferative reaction has commenced. The areas of 
necrosis in contradistinction to tubereulosis show the shadowy outline of the 
underlying strueture and the intact vessels traversing the foei. 

"he involvement of vessels is a conspicuous feature, particularly, the peri- 
endophlebitis, though this process is not in itself pathognomonic. It has been 
sugeested by Phelps and Mallory,’ and later by Dodd and Tompkins,’ that 
the packing of blood capillaries and sinusoids with leucocytes causes the foeal 


necrosis by ischemia. It is our impression that some toxie process liberated 


by the organism is responsible for the necrosis, since small vessels and eapil- 
laries are abundant and patent, both surrounding the nodular granuloma and 
even passing through the necrotic areas. 

ie appearance of the healing stage of the nodular granulomas found in 
the ling has not yet been described satisfactorily. It is uncertain in our mind 
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whether the nodules in our case resembling old healed tubereles should be 


interpreted as healing //istoplasma capsulatum granulomas or true tubercles 


Finally, it should be mentioned that marked polymorphonuclear cell reaetion 
with abscess formation occurs. This type of cellular reaction has not been 


deseribed in any other previous case. 
SUMMARY 


A case of systemic histoplasmosis is reported in which diagnosis was made 
before death by means of smear and culture of the organism from the blood 
Experimenta! production of the disease in guinea pigs is deseribed. 
A detailed description of the pathologie morphology and its differential! 
diagnosis is given. 
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THE PATHOLOGY OF ATROPHIC ARTHRITIS* 


A CORRELATED CLINICAL AND LABORATORY STUDY 


CHARLES LEROY STEINBERG, B.S., M.D., Rocuestrer, N.Y. 


Hit soft and hard tissue changes which take place in rheumatoid or atrophie 


arthritis proceed in a certain sequence. The swelling, the inerease in local 
heat, and redness of the soft tissues of the joint strueture which the clinician 
observes, and the pain and stiffness of the joints which the patient notices are 
caused by an active inflammation of the synovial membrane, the capsule, and 
the surrounding soft tissue structures of the joint. The synovial membrane 
or stratum synoviale is normally made up of a thin layer of cells richly supplied 
with nuelei and a subjacent area of connective tissue cells poorly supplied with 
nuclei. The synovial membrane is richly supplied by a close network of blood 
vessels and nerves. Fig. 1 is a photomicrograph through normal svnovial mem- 
brane. In atrophic arthritis there is marked proliferation of the cells of the 
synovial membrane which eventually produces a layer of granulation tissue or 
pannus over the articular cartilage. A similar process occurs simultaneously, 
involving the connective tissue elements of the marrow below the articular 
cartilage. The latter process extends through the zone of provisional ealeifiea- 
tion and destroys the articular cartilage from below, while a similar pathologie 
process evidenced by the proliferated synovial membrane destroys the articular 
cartilaginous surface. These two opposing processes eventually destroy. the 
articular cartilage. These two lavers of active granulation tissue have marked 
potentialities of forming fibrous and bony tissues, and when they do we have 
a resulting fibrous or bony ankylosis. 

The synovial! fluid is increased in the earlier stages and decreased in amount 
or completely absent in the later stages. Round cell infiltration oceurs into 
the capsule, new blood vessels appear, and fibroblastic activity occurs. Deealei- 
fication oeeurs in the juxtaarticular position. This leads to rarefaction and 

of density. The pathologie picture given so far is essentially in agreement 

that given by Nichols and Richardson,' Allison and Ghormley,? and others.® 
son and Ghormley? believe that atrophic arthritis has a specifie miecro- 
ology. ‘Histologically the tissue shows a definite picture, it is as clear-cut 
that of tuberculosis, mainly a proliferative change in the synovial membrane 
marrow which is characterized by foeal collection of lymphocytes. This 
scopie picture will, we believe, be enough to establish the diagnosis of 
erative arthritis, and in our own experience has been enough to predict the 
quent changes in several instances where the tissues showed the character- 

From the Arthritic Clinic, Rochester General Hospital, Rochester, N. Y. 

Presented by title at the Seventh Annual Meeting of the American Rheumatism Associa- 

ew York City, June 10, 1940. 

teceived for publication, November 138, 1940. 


435 










































436 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 






istic changes in the early stages of the elinieal disturbanees.”’’ They emphasize 
that the focal collections of lymphocytes are not perivascular. Miller* adds to 
this interpretation. He believes that the foeal collection of lymphocytes indicates 
that atrophie arthritis is an inflammatory disease of bacterial origin. 

In 1929 Fisher’ described a histologic pieture in atrophie arthritis in 
which there was perivascular round cell infiltration. Parker and Keefer’ have 
recently written an excellent article on the pathologic changes in three cases of 
atrophie arthritis in which they deseribed the microscopic picture in some regions 
as showing collections of round cells which were perivascular, as deseribed by 
Fisher’ in 1929, and in other regions in which the foeal collection of Iymphoeytes 
was not perivascular, as described by Allison and Ghormley? in 1931. These 
authors failed to give clinical histories in two of these cases. Such a correlated 
study would have added to the value of their report. Boyd" states that the 
arteries in the surrounding tissue of the diseased process in atrophie arthritis 
often show an obliterating arteritis and deposits of fibrin under the endothelium 
This vascular change in atrophie arthritis is not mentioned in the other artieles 


previously cited. 












1.—A high-power photomicrograph through normal synovial membrane. Note the linins 
layer of epithelial-like celis and the adjacent layer of connective tissue. 


Fig. 


The philosopher Friedrich Nietzsche, who lived in the latter part of the 
nineteenth century, in his apophthegms and interludes stated, ‘* Everything 
absolute belongs to pathology.’’ And so it is. In a protean disease, such as 
atrophie arthritis, which is characterized clinically by remissions and exacerba 
tions, whose onset may be acute or may be quite gradual; which may attack 
the young, the middle aged, and the aged; which may deform in a very short 
time, or else may continue in a mild course for many vears, one should find 
different gross and microscopic pathologic findings depending upon the time 
in which the disease was studied, perhaps the grade of the disease, and t! 

duration of the disease in that particular individual. I have taken ease historics 
of various grades and durations of atrophie arthritis and correlated these wit 

the microscopic pathologie picture to be found in that particular case. It 's 
hoped from this unbiased report that the controversial issues of the patholog 

picture of atrophic arthritis may be clarified to some extent. 






















STEINBERG: PATHOLOGY OF ATROPHIC ARTHRITIS 


CASE REPORTS 


CASE 1.—L. G., a white female, aged 60 years, was first seen on April 8, 1935. She 
complained of painful, swollen stiff joints. She had not been able to get out of her bed 
for a period of several months due to crippling because of this condition. The onset of 
her joint trouble began in 1902, with pain and swelling of the proximal interphalangeal 
joints of both hands. The condition had slowly progressed until it involved practically all 


the joints. There was a history of two severe flare-ups, one in 1923 and one in 1933. During 


A low-power photomicrograph showing a villous made up of proliferative synovial tissue 
in advanced atrophie arthritis. 


2B.—A_ high-power photomicrograph of the same case showing the marked increase in 
fibroblasts characteristic of the “healed” or “burnt out” case of atrophic arthritis. 


period of thirty-one vears most joints of the body had become involved with pain, swell- 
and redness. The examination of the joints on April 8, 1935, revealed little motion 

finger joints, soft tissue swelling of the metacarpophalangeal joints with wasting of 
iterossei group of muscles, marked limitation of pronation and supination in the elbow 

and little motion in the shoulder joints. Calcified tissue was present in the left 
“non bursa. Both the knee joints were swollen, and there was marked increase thick- 
f the capsule. Thirty degrees flexion deformity was present in both knees. The ankles 


ilso swollen and quite tender. Blood pressure was systolic 120 and diastolie 80. Lab- 





é 


438 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


oratory examination revealed a sedimentation rate of 1.00 and a negative Wassermann test. 
The diagnosis was advanced atrophic arthritis. The patient was treated with bed rest, moist 
heat to the joints, massage, high caloric diet, and hemolytic streptococcal vaccine. The 
arthritic process quieted down after two months’ treatment. A right synovectomy was done 
on June 14, 1935. There was marked increase in fluid in the joint, extensive arborescent 
villous growth, and marked destruction of the cartillage. Microscopic sections of the synovial 


membrane removed from this joint are shown in Figs. 2-4 and 2B. One is a low-power 


A low-power photomicrograph showing a focal collection of lymphocytes, increase 
capillaries, and in fibroblasts. 


A high-power photomicrozraph of the same case showing a diffuse round cell rat 
than a perivascular round cell infiltration. 


and the other is a high-power photomicrograph of this tissue. These sections show mark: 
increase in granulation tissue and areas of hyalinization. There is also diffuse mar! 
increase in round cell infiltration. The high-power photomicrograph particularly shows 
increase in fibroblastic activity and the decrease in cellular infiltration. Cultures from 1 
joint and guinea pig inoculation were negative. The pathologic picture in this case 
typical of a chronic advanced atrophic arthritis. The marked proliferation of synovial tiss 
as evidenced by the villous growth and the replacement of the synovial tissue by fibrobl: 
and the relative absence of lymphocytes in the synovial membrane in this case, repres 
the so-called ‘‘healed’’ type or ‘‘burnt out’’ case. 
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CASE 2.—C. N. H., a white female, aged 47 years, was first seen in February, 1938, 


complaining of pain and swelling and limitation of motion of the right knee of one month 
duration. The blood pressure was systolic 120 and diastolic 85. Examination of the right 
knee revealed diffuse swelling and moderate tenderness of the joint. There was little limi 
was done, and section through the synovial 
collection of lymphocytes, as deseribed by 
Allison and Ghormley,? increase in’ fibroblastic activity, 


tation in motion of this joint. A synovectomy 


membrane revealed the so-called typical focal 


and increase in the number of 
capillaries (Fig. 54). Culture from the joint and guinea pig inoculation were negative. 
The high-power photomicrograph of this tissue definitely reveals the absence of perivascular 
round cell infiltration (Fig. 3B), 


=e 


4 \ photomicrograph through a blood vessel of the synovial 


’ membrane in a case of 
atroph 


ic and hypertrophic arthritis complicated by essential hypertension and syphilis. 


CASE 3.—H. B., a white female, 54 vears of age was first seen on July, 1938, com 


aining of a painful swollen right knee of ten months’ duration. Examination of the 


nt revealed moderate swelling of both joints. An x-ray examination revealed evidence 
hypertrophic arthritis as evidenced by new bone production. The blood pressure was 
stole 240 and diastolic 118. The patient was a known syphilitic who had been treated for 
philis for five continuous years up until one year before the present observation. 


ssermann test was minus, 3 plus, 3 plus. 


Her last 
A section through a blood vessel of the synovial 
brane of the right knee is shown in photomicrograph Fig. 4. The 


>" 


marked increase in 


ness of the muscular wall may be due to the hypertension. The fibrinous exudate in 


lumen of the vessel may be due to the syphilitic process. This case emphasizes the need 
orrelated clinical and pathologie study before conclusions as to the exact pathology 
trophic arthritis are made. 


CASE 4.—S. M., a white female, 


aged 27 vears, gave a history of one year’s duration 
‘inful swollen joints. 


The patient first noticed pain and swelling in the smaller articula 


but this gradually progressed until most joints of the body had become involved. She 


1oticed definite flare-ups associated with upper respiratory infections. 


The physical 
nation revealed a well-developed, but poorly nourished, white female. Her tonsils had 
removed, and the dental examination both on physical and by 


radiographic examina- 
were negative. 


The posterior pharynx appeared moderately injected. 


Vaginal examina- 
evealed the patient to be a virgin. 


Examination of the joints revealed the following: 
d limitation of motion of the right wrist and finger joints; a swollen, inflamed, and 
tender, right knee. Laboratory examination: Sedimentation rate on November 30, 
1.10; serum calcium 11.3; serum phosphorus 4.5; Wassermann reaction negative. Throat 
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culture revealed both hemolytic streptocoeci and Streptococcus viridans, Vaginal smear and 
culture were negative. The patient was treated with bed rest, high caloric diet, moist heat, 
and hemolytic streptococcal vaccine. The sedimentation rate on December 21, 1956, was 
0.88. Laboratory examination on January 4, 1997, revenled a sedimentation rate of 0.91, 
a negative complement fixation test for the gonococcus, a basal metabolism minus 1 per cent ; 
throat culture was negative for hemolytic streptococei, X-ray examination of the joints 
revealed a negative examination as regards bone structure of the left knee. There was 
slight narrowing of the joint spaces of the temporomandibular joints, X-ray examination 
of the right knee on September 16, 1957, was no longer normal. There was roughening 


of the spine of the tibia, roughening of the joint surface, particularly the lateral aspect 


5A.—A low-power photomicrograph through the synovial membrane of case S.M. showing 
both polymorphonuclear and round cell infiltration. 


Fig. 5B.—A high-power photomicrograph through the same tissue showing the “purulent” 
flammatory reaction characterized by the polymorphonuclear infiltration. 


There was also questionable narrowing of the joint space. Both knees and the left an 
were markedly swollen, and there was definite increase in local temperature on January 


1938. The sedimentation rate at this examination was 1.55. The patient was treated 


home by bed rest, hot baths, general massage, high caloric diet, and hemolytic streptoco: 


vaccine until November 14, 1938. She had shown marked clinical improvement during 
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Fig. 6A.—A very low-power photomicrograph through the entire synovial membrane re- 
moved from the left knee of case S.M. This shows diffuse round cell infiltration of the entire 
layer, most pronounced near the surface. 


Fig. 6B.—A high-power photomicrograph through the surface layer of case S.M. showing marked 
round cell infiltration. 
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A high-power photomicrograph through the synovial membrane of case S.M. showing 
diffuse round cell infiltration and increased fibroblastic activity. 
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period, and it was deemed advisable to do a bilateral synovectomy. A right synovectomy 
was done on November 21, 1938. Figs. 5 and 54 are sections through the synovial membran 
removed from the right knee during this operation. Fig. 54 is a low-power photomicrograph 
and Fig. 5B is a high-power photomicrograph. The most striking feature is the presenc 
of polymorphonuclear cells throughout the membrane. In fact, the synovial membrane is 
much fibrosed, and the inner laver showed a purulent inflammatory reaction, a finding muc!| 
more common in typical pyogenic arthritis than in atrophic arthritis, The patient mad 
an uneventful recovery, and a synovectomy was done on the left knee on December 14, 195s 
Figs. 64, 6B, 6C, and 6D are sections through the synovial membrane removed from. this 
knee joint. Fig. 64 is a very low-power photomicrograph, and Figs. 6B and 6C are hig! 
power photomicrographs. The inner surface of this synovial membrane showed much fibrosis 
and very marked infiltration of the round cells. This round cell infiltration was diffuse. 
Fig. 6C is a section through the synovial membrane removed from the left knee; it shows 
definitely that the round cell infiltration is not perivascular. Fig. 6), a very high-power 
photomicrograph of another section through the same synovial layer, showed a blood vessel 


with definite perivascular round cell infiltration. 


Fig. 6D.—A very high-power photomicrograph taken through another area of the synovial men 
brane in case S.M. showing perivascular round cell infiltration. 


COMMENT 
No specific micropathology exists in chronie atrophic arthritis. The dis- 
ease is characterized by remissions and exacerbations. It is ushered in rather 


acutely in some eases and there is marked destruction of the joints in a com- 


paratively short period of time, while in others the disease is more or less 


quiescent for a period of years. [I have seen some eases in which chronie atrophic 


1 


arthritis has been present for thirty vears with no resultant deformities in 1 
joints. I have seen others in which the patient has been made a eripple in t 
relatively short space of six to eight months. Perhaps it is this protean nati 
of the disease that accounts for the different pathologie pictures. It is hop 
that the photomicrographs shown in this article demonstrate most of 

changes that occur in the synovial layer in atrophie arthritis. The pict 
varies from one in which there is polymorphonuelear infiltration (this sect 


being obtained in a joint which was quite active at the time of operation 
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sections showing round cell infiltration, both perivascular and nonperivascular. 
A ‘‘burnt out’’ case showing the process after many years of involvement, 
with little round cell infiltration but replacement of the synovial tissue by 
means of sear tissue, is shown. It must also be remembered that atrophic 
arthritis is both a common and a chronic disease, and that, therefore, other dis- 
eases may be associated with this condition and may tend to give a varied 
pathologie picture. Conditions such as syphilis and hypertension, and other 
diseased conditions, which may affect the blood vessels of the body, must be 
remembered, since they must be ruled out before concluding that the pathologie 
picture found in the synovial tissue is the one that is characteristic of atrophic 
arthritis. It is hoped that correlated clinical and pathologic studies, even 
though they be a few cases, may offer much in the elucidation of the processes 


involved in atrophie arthritis. 
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SODIUM SULFAPYRIDINE MONOHYDRATE INTRAVENOUSLY 
THE TREATMENT OF LOBAR PNEUMONTA* 
ABEL Levitt, M.D., F.A.C.P., Harotp T. Scuweirzer, M.D., AND 
KENNETH GOLDSTEIN, M.D., Burrato, N. Y. 


Sigemnneid in the treatment of pneumonia has undergone consider- 
able change in recent years. As a result of the introduction of sulfapyridine 

the treatment of the disease, the mortality rate has markedly declined. In 

) we reported the results of treatment of 100 consecutive cases of lobar 
imonia by oral administration of sulfapyridine. Our mortality rate in that 

) was 3 per cent. We observed no serious reactions to the drug, although 
were some mild toxi¢ manifestations. Oceasionally the condition of the 
monia patient is such that the oral use of this essential therapeutic agent 
possible because of nausea, vomiting, delirium, and other complications. 

the parenteral use of the drug becomes necessary. On the Medical Service 


e Edward J. Meyer Memorial Hospital, sodium sulfapyridine monohydrate 


*From the Medical Service of the Edward J. Meyer Memorial Hospital and the University 
ilo School of Medicine. : 
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was used intravenously in 25 cases in order to compare its effect when thus given 
to the oral administration of sulfapyridine. 

In this group of cases there were about an equal number of males and fe 
males, between the ages of 20 and 70 years, the majority of them being under 


20 vears of age. 
Table I indicates the duration of illness prior to admission to the hospital 
when treatment was instituted. 


TABLE I 


DURATION OF ILLNESS PRIOR TO HOSPITALIZATION 


CASES 


NO. OF 


0-9 
10-14 


Above 2 weeks 


It will be noted that about one-third of the cases did not enter the hospital 


until the third day or more after the onset of the disease. 


Sputum typing and blood cultures were done on each case, and results 


are recorded in 


TYPE OF 


PNEUMOCOCCUS 


I 
I] 


LI] 
IV 
VIII 
Undetermined 
Negative 


This vear there appeared to be quite 


of pneumonia. 


in each particular type varies considerably from time to time, 


Table II. 


TABLE 


LABORATORY 


STUDIES 


BLOOD CULTURE 


Positive 
Positive in 1 case 
Negative 

Positive 

Negative 
Negative 
Negative 


RESULTS 


Recovered 
5 recovered 
1 died 

Recovered 
Recovered 
Reeovered 
Recovered 
S recovered 


1 died 


a diversity in the pheumococeic¢ types 


Usually we find a more predominant type, but the virulenc 


were done in each case daily. 


to the administration of the drue. 


Blood eounts 


The majority of our cases had a leucocytosis prio! 


when the white blood count was less than 10,000. 


Table III shows the blood counts before treatment. 


W.B.C. 
0- 5,000 
5-10,000 
10-20,000 
20-30,000 
50-40, 000 


NO, 


OF 


l 


} 
l 


TABLE 


BLoop COUNTS 


CASES 


POLYS. 
50- 60 
60- 70 
7T0- SO 
S0U- YO 
90-100 


In only rare instances did we use the drus 
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METHOD OF ADMINISTRATION OF SODIUM SULFAPYRIDINE MONOHYDRATE 


After the diagnosis of lobar pneumonia had been made and corroborated 
by x-ray, each patient was placed on a liquid diet containing a minimum oi 
three liters per day, made up of fruit juices and milk. If oral fluids were not 
taken in sufficient quantity, we resorted to parenteral administration of salin« 
and glucose. The only other routine therapeutic agent used was an opiate if 
indicated for cough or sedation, and in some instances oxygen by nasal eathete: 
The latter, however, did not seem to relieve the evanosis when present while this 
drug was being used. 

The sodium sulfapyridine was administered slowly intravenously, using a 
5 per cent solution (4 Gm. of the powder dissolved in 80 ¢.c. of distilled water 
Eighty cubie centimeters were given daily, and the blood was examined for 
per cent of sulfapyridine content at frequent intervals during the twenty 
four hours. In rare instances the dose was repeated before the twenty-four hours 
were up in order to maintain a higher blood level. We did not supplement this 
therapy with the oral use of the drug, since we desired to determine its effect 
by the intravenous method only. 


TABLE V 
REACTIONS 


INTRAVENOUS ORAI 


25 CASES (%) 100 CASES (% 


REACTION 


Nausea and emesis 
Cyanosis 
Headache 
Delirium 
Jaundice 


By this method of 


S4 17 
1S 

None 

4 

None 


administration when a single dose was given daily, 


irrespective of size of the patient, the per cent of sulfapyridine in the blood 


shortly following injection (ten minutes) reached an average level of 8 mg. pe! 


cent and dropped about 20 per cent after an interval of one hour. Determina 


tions at the end of four hours showed an additional 5 per cent drop. At thi 


eighth hour there was an average decrease in sulfapyridine of 37.5 per cent 


Recording of blood level for the drug at the end of twenty-four hours showed no 


appreciable change from the eight-hour level, the average being about 5 mg. pe! 


cent. Since it is advisable to maintain a blood level between 5 and 10 me. } 


cent, it seems that the drug should be administered at least twice daily, and 


some instances three times daily. 


With the above dosage the blood concent: 


tion, as noted in Table IV, varies considerably in each patient, irrespective 


age, sex, or weight. When using sulfapyridine orally, the dose used was 2 G 


on admission, followed by 1 Gm. every six hours and continued for three d: 


following drop of temperature to normal. The blood concentration level on 1 


average in twenty-four hours, with use of the oral drug, was 3.93 me. per ¢ 


while with the intravenous drug given onee daily, it was about 5.6 mg. per 


The duration of illness following the intravenous administration of the d 


varied somewhat. In about 40 per cent of the cases the temperature came do! 


by lysis or crisis within forty-eight hours. In one-third of the group this 
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eurred within four days. The remainder varied betwen five and eight days, 
none more than eight days. This compared closely with the data obtained with 
the oral use of the drug. 

Reactions were similar to those obtained when sulfapyridine was used orally. 
Nausea and emesis were present in a large group of our cases with the in- 
travenous use of the drug. Cyanosis was more marked, headache was present 
ina third of the group, jaundice (hemolytic) was observed in two cases (none 
in oral group), and a toxie hepatitis with regurgitant jaundice was noted in one 
Case. 


SUMMARY AND CONCLUSIONS 


In this group of 25 cases we have had two deaths: one was a senile patient 
with hyperthyroidism who died from heart failure; the other had type IL pneu- 
monia and developed toxie hepatitis. Of significance in our group was a patient 
with an eight months’ pregnaney who was delivered and recovered. Another 
had an infeeted abortion; she developed pneumonia and recovered. One had 
malignant hypertension and uremia, recovered from the pneumonia, but died 
some weeks later from his cardiovascular disease. We do not consider his death 
due to pneumonia. 

The intravenous use of sodium sulfapyridine monohydrate has no particular 
advantage over the oral use of sulfapyridine or sulfathiazole when the latter ean 
be taken orally by the patient. In those patients who for some reason are unable 
to take the drue orally, the intravenous sodium sulfapyridine should be used in 
conjunction with pneumonia sera when indicated. From experience, one to two 
injections daily of SO ¢.e. of 5 per cent solution are required to maintain a blood 
concentration of 5 to 10 me. per cent. If laboratory facilities are available, one 


could, by frequent blood examination, determine the exaet frequeney for the 


administration of the intravenous drue. 
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THE AVERAGE LENGTH OF LIFE OF THE RED CORPUSCLE* 
DONA GAYLER GrAAM, ALM., Pi.D., Terre Haure, INp. 


[* THIS study an attempt is made to add to the knowledge of the ever recur 
rent problem of the length of life of the red corpusele. Tlunter (1884 and 
IS87), and later Ashby (1919), have given a very good brief history of early 
investigations. Ashby (1919) also explains why, as vet, We Cannot consider the 
problem solved. Escobar and Baldwin (1984) add somewhat to these early in 
vestigations. 

Many chemists because they have perfected accurate methods for bile pig- 
ment estimation feel that they can thus determine the number of corpuscles 
destroved every day and hence the number made every day if their number re- 
mains constant. Whipple (1926) criticizes this view by pointing out that there 
are at least two unknown factors which could seriously disturb these calculations. 
First, musele hemoglobin certainly contributes to the amount of bile pigment. 
Second, hemoglobin set free in the circulation may be changed to bile pigment 
and urobilin, or it may be used again in hemoglobin construction. Miss Ashby 
(1919) (1921)'* has done the most acceptable work so far on this subject. 
She has shown that the transfused corpuscles live in a recipient’s blood stream 
for thirty days or more. The chief objections to accepting her results as far 
as the length of life of the corpuscles is concerned have been discussed by the 
others. Wean and Warren’ point out that what may be the length of life 
of a transtused corpuscle may not be the length of life of a native corpuscle. 
Foreign cells, especially of a different blood group, which necessarily were 
used by Miss Ashby, may not be as susceptible as native cells to ordinary 
means of destruction. A second objection is made by Rous (1923) that the 
‘foreign ”* protein of the stroma of the transfused corpuscles may be utilized over 
and over again by the recipient and thus form corpuseles unlike the usua 
corpuscles of the recipient. 

Katon and Damren (1930) ° explained a method for the estimatio! 
che average length of life of the red corpuscle which has been verified | 
recently by kinsmen Moore and Harrison (1940). They considered thi 
blood corpuseles of the blood stream as a population. In a population that 
mains constant, as many individuals die as are born, or vice versa. Tf in 
population a catastrophe occurs which destroys one-third or one-fourth o1 


population, immediately an increased number of blood corpuscles, all app! 


mately the same age, is thrown into the blood stream. These new individ 


*From a private clinical laboratory, Rose Dispensary Building, Terre Haute, Ind. 
A preliminary report was made in a manuscript submitted as partial fulfillment 
requirements for the degree of Doctor of Philosophy in the Department of Physiology 
Graduate School at Indiana University. This article represents much subsequent work. 
Received for publication, December 18, 1940. 
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that restore the population are called reticuloevtes and can be followed by using 
a special technique (Spohr, 1980). The new thing that Eaton and Damren 
(1930)°* point out is the fact that in a population where there are so many 
individuals of the same age, these individuals finally arrive at that age, cor- 
responding to their average age; then a greater than the usual number die 
at the same time. This intravascular hemorrhage is sufficient to stimulate an- 
other noticeable reticuloevte production. They claim that the average length 
of life of the corpuscle is the leneth of time between two suecessive peaks of 
reticuloevte production. The one objection to their conclusion is that the second 
peak of reticulocyte production would occur at an appropriate distance after the 
death of a great number of corpuscles that had lived their average length of life 
and that had appeared in response to the initial hemorrhage. 

By making a daily total ervthroeyte count along with the daily reticulocyte 
count, any unusual population of old corpuscles dying at one time will show it- 
self in the drop in erythroevte count. This ‘‘death drop*’ may amount to as 
much as a million per eubie millimeter of blood within a period of two days, 
as will be shown in the subsequent deseription of my experiments upon the 
rabbit. That this sudden death of erythrocytes represents the termination of 
the natural length of life of the reticulocytes born in response to the previous 
hemorrhage can searcely be doubted. 

Definition of Reticulocytes.—Any mammalian red corpuscle showing a 
stippling, tiny threads, or network light or heavy when stained with brilliant 
cresy] blue is called, in this paper, a reticulocyte. Key (1921) explains this 
basophilic substance in a rather complete manner. King (1928)'* also gives 
a concise statement concerning the reticuloevte and Cunningham (1920) de- 
scribes them rather well. 

Experimental Procedure.—Well-nourished rabbits, as determined by weight 
and red blood count of between six and seven millions and a high hemoglobin 
percentage, and of known age were kept under uniform conditions in the labora- 
tory. The food consisted of mixed ground grain in pellet form, alfalfa hay, 
and crushed oats with some green food every day. 


A control period of several days was run in the ease of each rabbit to 


determine the normal variation in the percentage of reticulocytes, red corpuscles 


per cubie millimeter of blood, and in one ease the hemoglobin per cent. Tf an 
animal had more than 2.5 per cent, that animal was disearded. The drop of 
blood for the daily test was withdrawn from the marginal ear vein by the pune- 
twre method, at approximately the same time each day and before the animal 
was ed, 

"he blood for the hemorrhage was removed direetly from the heart by means 
of a iypodermie needle and without the use of an anesthetic. An amount of 
blood estimated to be one-fourth to one-third of the total blood, or about 1.25 
per cont of the body weight, was withdrawn. The blood was withdrawn slowly 
80 that the vasomotor system could compensate for its loss. The animal was held 
(ui by the assistant for a period of five or ten minutes after the hemorrhage 
and }ien put back in his huteh and fed and watered as usual. 
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A period of forty-eight hours after hemorrhage was allowed to pass beto 
the daily tests were begun again. Male rabbits only were used. 

Staining Technique.—I am indebted to Dr. J. A. Badertscher for the 
method used in staining the reticulocytes of mammalian blood. The method is 
simple, quick, and accurate and has not been published. 

A drop of fresh blood is placed directly on a glass microscope slide, taken 
from the ear of a rabbit or finger of a human being. <A glass rod, on the end 
of which is deposited brilliant cresyl blue stain,* is used to stir the blood until 
it is colored a uniformly greenish blue. The edge of another microscope slide 
is then placed in the droplet of blue-colored blood. Sufficient time is allowed 
for the blood to flow along the edge of the touching surface of this latter slide. 
Then the blood on the edge of this latter or second glass slide is spread on to a 
third slide by pushing it along on the surface of the third slide in the usual way 
of making a blood smear. As many as eight or ten blood smears can be made on 
as many different glass slides from the one drop of stained blood, providing 
the edge of a clean slide is used every time for spreading the blood on other 
clean slides. 

As soon as the blood smear is made and before it is dry, it should be held 
in a moist chamber a few seconds. The mouth is a very good moist chamber, 
providing the breath is held while the slide is in it. This permits the corpuscles 
to be exposed to a saturated stain longer than otherwise, and there is less distor- 
tion of the corpuscles. The moisture of the breath, if blown on the slide, will 
cause hemolysis of the corpuscles. The smear dries in a minute or two after 
it is removed from the moist chamber and is then ready to be counterstained with 
Wright’s stain, mounted in balsam, and examined at any subsequent tim 

Counting.—In the determination of reticulocyte percentage, the cells were 
counted by means of an ocular Micrometer Dise. The total red blood cell count 
and the reticuloeyte cell count for successive squares were each determined. 
This was continued until a thousand or more cells had been counted and then 


the percentage of reticulocytes was estimated. 


In making the red blood corpuscle ecount for the total number ot red 


corpuscles per cubie millimeter of blood, Trenner diluting pipettes and Levy- 


Hausser counting chambers were used. 
RESULTS 


Young Rabbit.—Table I and Fig. 1 present the results of an experimen! 
a young rabbit of from six to seven months old. The experiment lasted tw: 
nine days. The conditions of the blood were quite regular during the co! 
period of six days. The average number of red blood corpuscles per 
millimeter of blood remained constant near 6.4 million, and the hemoglobi: 
mate was 92 per cent. The reticulocyte percentage fluctuated only sli: 
which fluctuation could reasonably be within experimental error. The ret 


*A saturated solution of brilliant cresyl blue, using 100 per cent alcohol as a solvent, 
The tip of a glass rod is dipped in the solution, and the alcohol is burned off in the flan 
alcohol lamp. The glass rod is dipped three or four times until sufficient dye is deposite: 
glass rod. 
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eyle percentage averaged 2.4 per cent, which would make the actual number of 
reticulocytes present at any one time, per cubie millimeter of blood, about 
153,600. 

On the sixth day of the experiment after the three blood tests mentioned 
above had been made, the animal was bled of an estimated one-fourth to one- 
third of its blood, or about 40 ee. A period of forty-eight hours was allowed 
to elapse in order that the liquids of the body could adjust themselves, and then 
the blood was studied again daily until the end of the experiment. On the eighth 
day of the experiment, two days after the hemorrhage, a marked change due to 
prehemorrhagie conditions was shown in the blood when the red corpusele count, 
reticulocyte percentage, and hemoglobin percentage were taken. The red 
corpusele count had fallen to 4.1 million, the hemoglobin percentage to 56, and 
the percentage of reticulocytes had increased to 5.1, 
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ig. 1.—The per cent of reticulocytes, the total red corpuscle count, and the hemoglobin 
percentage were taken before and after a hemorrhage of 40 ¢c.c. of blood, approximately one- 
fourth of its blood. These were taken on the day of the hemorrhage and again after forty-eight 
hours. Three peaks of reticulocyte formation occurred on the 11th, 20th, and 28th days of the 
experiment. The total red corpuscle count was lowest on the 18th and 26th days of the experi- 
ment he average length of life of the red corpuscles can be estimated by counting the days 
betwe the 11th and 18th days and between the 20th and 26th days, The average length of 
life o e red corpuscles was 6.5 days. 


e increase in reticulocytes was actual as well as relative. Although the 
erythioeyte number per ecubie millimeter was less than two-thirds the pre- 
hemo; 
209.11 


iagic number, the actual number of reticulocytes per eubie millimeter was 
instead of the 153,600 actually present at any one time in a eubie 


millin. ter of blood during the control period. The expected drop in the number 
of ery 


43 mM 


roevtes, if one-third of the blood had been removed, would have been to 
ion, and the actual number was approximately 4.0 million, The per- 
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centage of reticulocytes gradually increased up to 9 per cent on the eleventh 


day of the experiment, and the whole cycle of reticuloevte formation lasted until 






the seventeenth day of the experiment. The actual number of reticuloeytes 






present per cubic millimeter of blood at the peak of their production was 450,000 






as compared to the 153,600 during the control period. The per cent of henio- 






globin and the total number of erythroeytes reached normal levels nine days, 






sometimes ten, after hemorrhage on the one hundred and forty-fifth or fifteenth 






day of the experiment, and fluctuated near that level, steadily working upward, 






however, until the end of the experiment. 












TABLE I 











RABBIT No. 1 (MALE) 
Weight 2,250 Gm. Bled 40 ¢.c. or One-Third of Blood 


YOUNG 








Aged 6-7 Mo. 


R.B.C. 















re eee rorTaL PER CENT 0} 
DATE OF = MILLION PER PER CENT rOTAL CELLS : 
DATI : RETICULO RETICULO 
EXPERIMENT CU. MM. OF HEMOGLOBIN COUNTED : 
, CYTES CYTES 
BLOOD 





G30 





















5 11/18 6.4 93.5 } 40 2g | 29 
6 11/19 | 6.5 94.4 056 »() 97 
7 11/20 - Bled 30 e.e. of blood 
8 11/21 1.7 56.0 1,037 58 5.1 
g 11/22 1.6 62.0 1,209 g() 6.6 
10 11/25 4.8 69.0 1,132 87 7. 
1] 11/24 5. 76.0 1,063 Qi (9.0 
25 5.6 84.0 1.075 75 7% 
Ly 
14 11/27 5.9 87.0 Lie 50 1.5 
15 11/28 6.4 O20 1,067 YR 2 | 
16 11/29 6.6 QQ () 1,10] 32 | 2.9 
17 11/30 6.0 991) 1.065 9() | 9 
1S 12/ 1 3.8 95.0 1,195 oA 2.4 
19 12 2 | 60.5 95.0 1,299 39 : 
20) 127 3 6.5 | 99.0 1,088 37 
> 12 6.7 101.0 [237 48) 9 
| 6.7 — 895 14 1. 
] 6.5 100.0 1,107 1d 1. 
24 12/3 7 105.0 985 19 1.! 
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26 12/ 9 6.2 96.0 1,055 PO | 
oT 12/10 6.5 100.5 1.226 25 ye 
28 12/11 6.4 92.0) 1,221 28 (2 
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The rate of reticulocyte production remained higher than during the 










control period until the number of erythrocytes and the per cent of hemoglobin 
were almost normal on the fourteenth or fifteenth day of the experiment. ON 
the sixteenth day the erythrocyte number was actually above the control period. 
The reticulocyte curve continued to fall for two or three more days, fifteen!) to 
seventeenth day. On the eighteenth and nineteenth days there was a rather 
sudden drop, which amounted to almost a million per cubie millimeter of )lood 

vie 


in the number of erythrocytes. The hemoglobin enrve followed the eryt! 





elev 
day 
peri 
twe 
day 


Sent 


GRAAM: LIFE OF RED CORPUSCLE 455 


curve, more or less, except that there seemed to be a slight tendency for the 
hemoglobin curve to lag behind the erythrocyte curve toward the end of the ex- 
periment. 

The rapid fall in number of erythrocytes on the seventeenth and eighteenth 
days was equal to a hemorrhage and can well be called an intravascular hemor- 
rhage. It was. sufficiently severe to stimulate another wave of reticulocyte 
production, This peak of reticulocyte production was on the twentieth day. 
As a result, the erythroeyvte number returned to normal and even went quite 
above normal, reaching a new peak on the twenty-fourth and twenty-fifth days. 
At the same time the reticulocytes fell below the normal production. The third 
slight peak of reticulocyte production on the twenty-eighth day can scarcely 
he regarded as a response to the drop in erythrocytes on the twenty-sixth day, 
since the total does not go below normal. Because the total red corpusele count 


ran above normal, the per cent of reticulocytes was below normal. 


TABLE II 


Oup Rassir No. 2 (MALE) 


Aged 51% Yr. to 6 Yr. Old. Weight 8,300 Gm, Bled 40 ¢.c. or One-Fourth of Blood 


| R.B.C. PER CENT 
DATE OF pave (2 LION PER| TOTAL CELLS TOTAL OF 

EXPERIMENT CU. MM. OF COUNTED RETICULOCYTES| RETICULO 

BLOOD 

:T32 | 

L0O/ 6 QO38 

10/ 7 ae 1,054 

110/ 8 7 1,059 

10/ 9 1,137 

110/10 | bis Dia 

10/11 5. 1,510 

10/12 5. 835 

110/13 | 5241 

10/14 | 1,088 

10/15 Bled 55-40 e.e, of blood 

10/16 bees 

10/17 Af La: 

| 10 18 | 1.053 

110/19 | ‘ 1,008 

110/20 | 6 1,079 

10/21 

110/22 | 

110/23 | 

110/24 | 

10/25 | : 

110/26 | 3d ¢ Abnormal erythrocytes appear ¢ 

}10/27 | = 

10/28 | 

10/29 | 3. 

10/30 as Died 
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The period of time between the greatest production of reticulocytes on the 
eleventh day and the fall in the number of erythrocytes about the eighteenth 
day nvust be regarded as the average length of life of the red corpuscle. This 
period is approximately seven days. It is also quite possible that the time be- 
tween ‘he second peak of reticulocyte production at the nineteenth or twentieth 
days, and the fall in erythroeyte number on the twenty-sixth day, would repre- 
sent tie same thing. Here, too, the time is approximately seven days. 
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Old Rabbit——An experiment similar to the above was performed on au 
old rabbit (515 to 6 vears), the details of which are presented in Fig. 2. TI 






experiment covered a period of twenty-four days, at which time the animal died 






This rabbit, although old, was in good condition until on or near the twenty-first 






day, three days before death, the rabbit showed signs of weakness and diarrhea, 






probably due to too large an amount of green food during the weakened period 





subsequent to hemorrhage. The reticuloevtes stained more deeply at this time, 






and can be considered polychromatophiles. The important part of the experi 






ment was completed before these symptoms appeared. 
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Fig. 2. The per cent of reticulocytes and the total red corpuscle estimate were ti ken 









before and after a hemorrhage of 40 ¢.c. of blood, approximately one-fourth of its blood. Thest 
were taken on the day before the day of the hemorrhage and again after seventy-two hours. 
Two days after the hemorrhage two peaks of reticulocyte formation occurred on the 13th and 
20th days of the experiment. The total red corpuscle count was lowest on the 18th day the 

tl 


experiment. The average length of life of the red corpuscles can be estimated by countin 
days between the 13th day and the 18th day. The average length of life of the red corp 
was 5 days. 











The hemoglobin was not tested in this experiment, since it was not dee! 


necessary. The control period lasted nine days. The average number of eryt!iro- 






eytes was six million, and the percentage of reticulocytes was 1.6 per cent. ‘Tests 






were not made on the day of the hemorrhage, but they were made forty-cight 






hours later as well as on every subsequent day thereafter. On the twelfth day 






of the experiment, forty-eight hours after hemorrhage, there was a drop 11 






erythrocytes to 4.5 millions and a rise in reticulocytes both in percentage and 1 





actual number per cubie millimeter of blood. 






The greatest percentage of reticulocytes occurred on the thirteenth da and 





the greatest destruction of erythrocytes occurred on the eighteenth day. The 






length of time between the peak of reticulocytes and the fall in the total ni :mber 
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Fig. 3.—The per cent of reticulocytes and the total red corpuscle estimate were taken 
before and after a hemorrhage of approximately one-fourth of its blood, These were taken on 
the day of the hemorrhage and again after forty-eight hours. Two peaks of reticulocyte forma- 
tion occurred on the 10th and 16th days of the experiment. The total red corpuscle count was 
lowest on the 15th and 22nd days of the experiment. The average length of life of the red 
corpuscles can be estimated by counting the days between the 10th and the 15th days and be- 
tween the 16th and 22nd days, respectively, The average length of life of the red corpuscles was 


estimated as 5.5 days. 
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: . 4.—The per cent of reticulocytes and the total red corpuscle estimate were taken 
befor: id after a hemorrhage of approximately one-fourth of its blood. These were taken on 
the d f the hemorrhage and again after forty-eight hours. Two peaks of reticulocyte forma- 
ion « rred on the 14th and 22nd days of the experiment. The total red corpuscle count was 
lowest 1 the 19th or 20th and on the 26th or 27th days of the experiment. The average length 
of life ! the red corpuscles can be estimated by counting the days between the 14th and 19th 
or 20t!, days and between the 22nd and 26th or 27th days. The average length of life of the 
red corpuscles was estimated as 5.5 days. 
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of corpuseles per cubic millimeter of blood was five days. This five-day period 


must be considered the average length of life of the red corpuscles of an old 







rabbit. 
It will be noticed that the number of eryvthroevtes never returned to t! 






normal level after hemorrhage. 
Middle-Aged Rabbits.—The tables showing data for these two rabbits wer 


omitted to save space, but the data of these tables were used in constructing 







the two graphs, Figs. 3 and 4, as well as Table IIT, where a comparison of all four 






rabbits was made. The average length of life of the corpuscles of each of these 





two rabbits was five to six days. 









TABLE ITI 
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COMPARATIVE Stupy OF ToTAL BLoop CouNT AND RETICULOCYTE PERCENTAGE OF Four RABBITS 
OF DIFFERENT AGES 


























; R.B.C. NO. OF RETICL 
RETICI 
R.B.C. PER LOCY TI MADI LOCYTES ACT DURATION 
CU. MM. OF PER AVERAGI RACH ALLY PRESENT OF 
t(ABBIT BLOOD ie LENGTH OF DAY AT AN ON tETI¢ 
RABBIT I CENTAGI | io \ I RETI 
TR . ..B. -ER 7 ER \ 
CONTROL (CONTROL LIFE OF Rodded. PER CU. TIME PER CU. LOCY 
PERIOD MM. OF MM. OF BLOOD STAG] 
PERIOD ) 
BLOOD (CONTROL ) 
Young rabbit 6,400,000 2.4 | 6-7 days OS4.6015 153,600 3 hr. 
No. 1 Avg. 6.5 days $5 min, 






Aged 6-7 mo. 









Middle-aged rabbit 6,850,000 Zod a-6 days 1.245.454 163,715 3 hi 
No. 3 Avg. 5.5 days 10 min, 
Aged slightly 
less than 2 yr. 

(approx, 










} 
5-6 davs 1.069.000 137.000 






Middle-aged rabbit} 5,880,000 
No. 4 Avg. 3.5 days i 
Ao 


a4 


(approx, 









) 


ed 2 yr. 












Old rabbit 6,000,000 1.6 5 days 1.200.000 96,000 1 
No. 2 55 


Aged 5144-6 vr. 













DISCUSSION COMPARISON 






1° 


The blood pictures of the voung rabbit, Fig. 1, and the old rabbit, Fig. 2. 


were very similar during their respective control periods. The erythrocyte count 






of the young animal averaged 6.4 million, and the count of the old animal 






averaged 6 million. The reticulocyte percentage of the young rabbit averaged 
2.4 and that of the old rabbit was 1.6. An amount of blood caleulated to be 






approximately one-fourth to one-third of the total blood volume was removed 
from each animal at the end of the control period. Forty-eight hours were 





allowed to elapse before the daily tests were begun again. 






The initial reticulocyte response of the young rabbit was e@reater and 





lasted over a longer period of time than that of the old rabbit, while the second 






peak of reticulocytes was higher in the old rabbit than in the young one. The 





time between the reticulocyte peaks for the voung and old rabbits WilS ine 






and seven days, respectively. The explanation of this difference may be tha 






the young rabbit produces enough reticulocytes during the first respol 


me 


ol 
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bring the number of erythroeyvtes back to normal level, while the hemopoietic 
response in the case of the old animal was never sufficient to restore the original 
number of erythrocytes. Furthermore, more erythrocytes died at one time in the 
old animal and precipitated a higher second reticuloeyte peak proportionately 
than in the ease of the young animal. 

On the ninth day after hemorrhage the young rabbit had its erythrocytes 
restored to a low normal, while, on the other hand, the old rabbit never returned 
to normal; in fact, it seareely gained in number of erythrocytes at all. 

Although the reticulocyte production was not complete enough and the 
eyele was not long enough before the subsequent intravascular hemorrhage oc- 
eurred, due to a short length of life of the corpuscles, the conclusion reached was 
that the animal’s red corpuscles decreased in number with each subsequent in- 
travascular hemorrhage. 

Seven days after the peak of reticuloeyvtes in the voung rabbit, there was a 
fall in total number of erythrocytes of approximately a million. In like manner 
five davs after the peak of reticulocytes in the old rabbit, there was a fall in 
the total number of reticuloevtes of a million or more. It cannot be doubted 
that the fall of a million in total number of erythrocytes in both animals on the 
eighteenth day of each experiment was due to an intravascular hemorrhage, a 
loss of erythrocytes born at the previous peak of reticulocyte formation. A 
second peak of reticulocytes, followed by an intravascular hemorrhage, was shown 
in the young rabbit. The period was between the nineteenth or twentieth days 
and the twenty-sixth day of the experiment. 

Since the period of seven days in the young animal and the period of five 
days in the old animal must represent the average length of life of the red 
corpuscles in the two animals, the conclusion would be that the erythrocyte 
lives longer in the blood stream of a young animal than it does in the blood 
stream of an old one. This conclusion is further borne out in the results from 


two middle-aged (2 vears old) rabbits in which the average length of hfe of 


the corpuseles was 5.5 days (see Table IIT). 

The time between the hemorrhage and the first peak of reticulocyte response, 
five days and four days, respectively, in the voung and old rabbits, was greater 
than the time between the intravascular hemorrhage and the succeeding reticulo- 
cyte response, two days each in young and old. The explanation, no doubt, is 
that the intravascular hemorrhage did not involve loss of volume; therefore, the 
time should be correspondingly decreased. Robertson and Boch (1919)'* 1° 
have shown that it is the reduced hemoglobin per unit of blood due to dilution of 
the blood after hemorrhage that is the stimulating factor in reticulocyte forma- 
tion 

\nowine the total number of erythrocytes per cubie millimeter of blood 
and the percentage of reticulocytes, the actual number of reticuloeytes per cubic 
millimeter of blood can be determined: 6,000,000 x 1.6 per cent 96,000 
retic loeytes (see Table III, old rabbit). 

\\nowing the length of life of the red corpuscles, the number of corpuscles 
made each day may be determined: 6,000,000 + 5 1,200,000 (see Table IIT, 
old rabbit). 
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Knowing the foregoing, the reticulocyte period can be determined 
1,200,000 = 96,000 112.5 of a day, or one hour and fifty-five minutes (se 
Table III, old rabbit 

By similar caleulation the reticulocyte stage in a young animal was found 
to last three hours and forty-five minutes. The comparative data are set out in 
Table IIT. 

Calculations made for the two other rabbits shown in Table TIT are also 
tabulated. In practieally every respect the blood pictures of the two, 2-vear-old 
rabbits show conditions midway between the young and old rabbits. 

The ability of the rabbit to recover from hemorrhage is due to a combina 
tion of the length of life of the corpuscle and of the number of corpuscles thrust 
into the blood stream in twenty-four hours. In the ease of the voung rabbit No. 
1 the recovery was rapid because the leneth of life of the corpusele is long and 
the number of reticuloevte percentage is high. The old rabbit No. 2 showed 
the other extreme, the reticuloeyte percentage being low and the average length 
of life of the corpusele short. It was unable to recover. Rabbits Nos. 3 and 4 
recovered easily because the reticulocyte percentage was high, although the 
leneth of life of the corpuscles was somewhat shorter than in the case of rabbit 
No. 1. 

Furthermore, the aetual number of reticulocytes produced per cubie 
millimeter of blood every twenty-four hours was actually greater during the 
control period than that of the voung rabbit; e.g., the voung rabbit produced 
984,615 reticuloevtes per cubie millimeter of blood as eompared to 1,200,000 


produced by the old rabbit per eubie millimeter of blood. 






CONCLUSIONS AND SUMMARY 








1. After hemorrhage the reticulocyte eveles follow one another at regular 
intervals of a few days. The second reticuloevte evcle and each succeeding one 
is preceded by an intravascular hemorrhage in which corpuscles are destroyed 
but the volume of blood remains constant. 

2. The longest period noted between reticulocyte eveles was nine days in 
a voung rabbit, and the shortest period was seven days in an old rabbit. 


3. The average leneth of life of the red corpusele is equal to the period 


between the peak of a reticulocyte evele and the end of the sueeceeding in- 


travascular hemorrhage. 


4. The average length of life of the red corpusele of a rabbit varies 
versely with age—the younger the rabbit, the longer the corpuscles live. 

5. The average length of life of the red corpuscle varies from six to seven 
days in a voung rabbit to five days in an old rabbit. 

6. The extreme length of life of a red corpuscle may be much longer tan 
the average life because many may be destroyed in ‘‘infaney’’ or in ‘‘early adult 
life.”’ 

7. The number of red corpuscles liberated into the blood stream each tweity- 
four hours by a young rabbit was 984,615 per cubic millimeter of blood, an. by 
an old rabbit, 1,200,000 per cubie millimeter of blood. 
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8. The number of reticuloeyvtes present per cubic millimeter of blood was 
153,600 for a young rabbit, 96,000 for an old rabbit, and 1,245,451 and 1,069,000 
for two middle-aged rabbits. 


9. The duration of the reticulocyte stage was approximately four hours in 


a young rabbit and two hours in an old rabbit. The reticulocyte stage in the 


two other rabbits, aged 2 vears, was about midway between that of the old and 
young animals; namely, 3 hours 10 minutes, and 3 hours 4 minutes, respectively. 

10. An accurate picture of the activity of the red bone marrow can be 
obtained if the number of red corpuscles per cubie millimeter of blood, the 
average length of life of the red corpuscles, the per cent of reticuloeytes present 
in the blood, and the duration of the reticulocyte stage of the red corpusele are 
known. 


I take this opportunity to thank Dr. William Moenkhaus and Dr. Paul Harmon, of the 
Physiology Department of Indiana Medical School, for help and encouragement 
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THE EFFECT OF LOWERED TEMPERATURES UPON THE GROWTH! 




























































OF THE FIBROBLAST IN VITRO: ITS APPLICATION 
TO WOUND HEALING* 1 
Macutretp BE. Sano, M.D., AND LAWRENCE W. Surri, M.D. 
PHILADELPHIA, Px. 
N THE course of tissue culture studies relating to the growth of embryonal 
and cancer cells under the influence of varying temperatures,t the behavior 
of the fibroblast has been so outstanding that it merits separate consideration. 
The vital importance of the role of this cell in wound healing and repair proc- 
esses in general makes our understanding of its unusual resistance to cold and 
its adaptability to unfavorable environmental circumstances of especial sig- 
nificance. 

At body temperature (87° C.) and under ideal culture conditions, in re- 
spect to material and media, the fibroblast multiplies rapidly and produces 
large, elongated, healthy appearing cells, with obvious coarse fibroghia fibers. 

It is not necessary to go into great detail regarding this aspect of the problem, 

as the behavior of the fibroblast under such circumstances has been thorough|\ 

investigated by many competent observers.* °" 1!" Like these other investigators ¢ 
we have found that the rate of sueh normal growth is not maintained for any { 
considerable period in vitro unless the cultures are transplanted at frequent . 
intervals. Otherwise the cells revert to what might be termed a ‘‘resting’” or 
resistant phase, not unlike the eneystment stage of certain parasites, only to { 
erow again at a normal rate after a brief lag period when transferred to fresh c 
media. 

The resistance to lowered temperatures of the fibroblast is very marked. e 
Initial congelation at 0° C. for as long as sixty hours does not significantly alter t 
the growth capacity of these cells when the cultures are subsequently placed in | 
the ineubator at 37° C., other than for the usual lag noted previously in the q 
tumor cell cultures. Nor is any inherent difference in the growth noted in , 
parallel cultures with the temperature lowered gradually from an initial 37 { 
C., as compared with those started off at the corresponding lower levels. 0 

At 30° C. obvious differences in the appearance of the fibroblasts from 0 
those grown at 37° C. are seen. The cells are smaller both in respect to the V 
size of the nucleus and the amount of cytoplasm. This decrease in size Is i 
especially prominent in respect to the length of the cell, the whole cell appear- S 
ing more compact and sturdy, with ovoid rather than spindled nuclei. € 

“¥rom the Department of Pathology, Temple University Hospital and School of Me if 
Philadelphia. t 

Aided by grant No. 580 of the Committee on Scientific Research of the American Me\i ul 
Association, and a grant from the Clinical Research Foundation, Philadelphia. 

zeceived for publication, December 20, 1940. 7 

+In press. Cancer Research, January, 1942. PD 
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At 25° to 26° C. the fibroblasts are searcely a third the size of those grown 
at 37° C. and show only little intercellular substance. Instead of migrating 
freely and extending in long fingerlike projections from the mother colony, they 
are arranged in almost solid radiating phalanx fashion, several cells deep, around 
the original explant. The cytoplasmic and nuclear detail is well defined in both 


unstained and vitally stained specimens. 


node at 37 *. Approximate magnification, 150. 


At 20° (. the rate of growth is still further retarded. Six or seven days 
elapse before the first evidence of new cell formation can be made out. At 
this temperature level the cells are likewise still further diminished in. size, 
scarcely a fifth that of those grown at 37° C. They are very short and stubby 
In appearance, almost round or polyhedral rather than ovoid or spindled. As 
they slowly inerease in numbers they occur in small sheets at the edge of the 
original inoculum, but it takes several weeks for this to occur. 

At the 24° to 26° C. temperature levels the cells are far more resistant to 
environmental factors. This may be accounted for in several ways. Owing 
to their more compact arrangement they are less readily damaged physically 
by washing and changing their media. Owing to their slower rate of growth they 
survive in the original medium for a much longer period of time than the larger 
more rapidly growing fibroblasts at 87° C. This is undoubtedly due in part to 
their lower nutritional requirements, but also to the reduction in the metabolism 
of the cells, with a corresponding reduction in the concentration of the products 
of metabolism in the medium. This latter feature has been stressed by many 
Writers, as well as ourselves in other communications, as being one of the very 
important faetors which interfere with tumor cell culture. As part of this 


slowed metabolism the usual regressive degenerative changes of the eytoplasm of 


cells grown ‘‘in vitro’? are obviously retarded, which in turn fits in with the 
prev'ous comments in helping to explain the increased resistance of these cells 
to lowered temperatures. 

Ve believe that these observations are well established and might be ex- 
press-d almost mathematically because of their constancy in the ease of literally 





462 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


hundreds of such tissue explants. There is a direct proportional relationshi) 
not only between the temperature and the rate of cell growth, but also in respect 
to temperature and the size of the cell, its degree of differentiation, its metabolic 
activity, and its resistance to environmental circumstance, On the basis of thes: 
studies a temperature range of 25° to 380° C. would seem to be optimal in respect 
to wound healing. Under sueh circumstances one logically might expect that 
the healing process would be somewhat slower than at body temperature, but 
that the amount of collagen production, with its subsequent ugly contraction 
and sear formation, would be reduced appreciably. 

That this optimal reaction actually does occur clinically was shown} 
Smith and Fay"? incidentally in their early studies concerning the effeet of 
hypothermy on eancer cell growth. In one ease, especially, of extensive ul- 
cerative breast carcinoma treated by continuous local hypothermy for nearly 
six months, not only did the tumor disappear, but the uleerated surtace healed 
over completely with soft sear tissue having the consisteney of normal skin. 
Histologic study of biopsy material from this and numerous other cases con 
firmed the clinical impression. The tissues showed a connective tissue relativel 
rich in nuclei and with a minimum of dense collagen formation. 


Fig. 2.—Normal mouse lymph node at 3( *. Approximate magnification, «150. 


The recent work of Allen' and his associates in the healing of diabetic a! 
traumatic amputation stumps under the influence of cold is another illustratio 
of the clinical application of this principle. In almost every instance healing 
by first intention resulted, and with a minimum of sear production. The rep 
process, as might be expected, was quite regularly delayed, requiring thre: 
four weeks instead of the usual ten days to two weeks. On the other hand, {he 
wounds did not break down, and the stumps presented a much more satisfactor) 
end result for subsequent artificial limb appliances. As part of the meehan sm 


involved in the use of hypothermy for such wound repair, it should be noi ed 


that the external temperatures employed (5° to 10° ©.) are bacteriostatic, «nd 
thus the danger of secondary infection is almost eliminated. It should be 
further mentioned that actual freezing must be avoided, and that the pene’ ra- 
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tion of the cold into the deeper tissues from local external application drops off 
with almost algebraie progression, so that the desired levels of 20° to 25° C. are 
actually present in the deeper tissues of the wound where the connective tissue 
repair process is going on. 

On the basis of such clinical observations and the confirmatory laboratory 
evidence of the behavior of the fibroblast at these lower temperatures, the more 
widespread use of hypothermy in wound healing would seem to be warranted. 
Its application in plastic surgery, of the cosmetic type particularly, comes to 
mind immediately, The possible prevention of keloid formation is another field 
which might profitably be explored. Its place in clearing up old osteomyelitis 


lesions might likewise be investigated. 





Fig. 3.—Schematie representation of fibroblastic proliferation at A, 37 Cc. and B, 30° C. 
> the smaller size, compactness, and diminished intercellular products at the lower tempera- 


It is of interest that these various tissue culture studies and clinical ob- 
servations of ours are indirectly confirmatory of the fundamental work of 
Burrows* on wound healing, although the approach to the problem is from a 
wholly different angle. Burrows noted that the erowth of the fibroblast in 
his experimental wounds at body temperature was most profuse in the central 
areas Which were less well vascularized than in the periphery of the lesion. 
He advaneed the hypothesis that the fibroblasts grow better when they are 
closely packed together so that certain metabolic products of oxidation accumu- 
late in optimal amounts, through their inability to be absorbed and carried away 
by an inadequate blood supply. By corollary he comments that if the wound is 
Washed too frequently, the rate of growth of the fibroblasts is likewise reduced, 
and healing is thereby delayed and less satisfactory. 

In our own studies the reduction of temperature to 25° or 80° C. gives us 
similar optimal conditions for satisfactory wound healing. The cells are grow- 
ing vigorously ; they are closely packed and the circulation is slowed. Thus the 
products of metabolism are in close contact with the cells, and remain so, through 
the inability of the slowed blood stream to carry them away. In addition these 
temperatures are bacteriostatic to a very considerable degree and aid materially 
in checking any infection which might be present (Fig. 3). 

inally, there is a definite relationship between epithelialization and fibro- 
blast\+ proliferation in a wound. When the surface becomes covered with epithe- 

the stimulus to fibroblastic proliferation is lost. If this epithelialization 

mplished too rapidly, the underlying granulation tissue tends to undergo 


sive changes, the collagen contracts, and we have a depressed secondarily 
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contracted sear. If, on the other hand, the repair process is slower, the con 


nective tissue is adequate in amount, compactly arranged, with relatively littl 


collagen, and the final scar is minimal with little or no retraction. From our ob 
servations all of these prerequisites for good wound healing seem to be realized 
by temperatures between 25° and 30° C. 


SUMMARY 


The behavior of the fibroblast in tissue culture at varying temperatures 
ranging from 0° to 37° C. is recorded. An optimal level of around 25° C. is 
suggested as of practical value in wound healing. 

Clinieal observations of the use of hypothermy in various fields, including 
a review of some of the more recent literature, are presented. 

A plea for the wider use of loeal hypothermy in various clinical problems 
relating to wound healing is made. 
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AN UNUSUAL P-WAVE IN CHEST LEAD CF, FOLLOWING 
SPONTANEOUS PNEUMOTHORA X* 


S. D. Burton, M.D., anp J. S. MeEHLMAN, M.D. 
CuHicaGo, ILL. 


ene it is well recognized now that changes in the position of the 
heart will alter the electroecardiogram, little work has been done to illus- 
trate these changes in the chest leads. Recently we have had the occasion to 
follow the changes in the electroeardiogram caused by a spontaneous pneumo- 
thorax which occurred in a patient who had an abnormal electrocardiogram due 
to congenital heart disease. The electrocardiographie changes were correlated 
with changes in position of the heart as the pneumothorax appeared and then 
resolved. A control record was available before the pneumothorax developed, 
and serial electrocardiograms were taken during the course of the patient’s 
illness. 

A striking alteration in the P-wave of chest Lead CF, was especially noted. 
The ehanges in this P-wave were similar to, but more marked, than those re- 
ported by Gertz’ from this department. This record serves to emphasize again 


that such P-wave changes are suggestive of a position change of the heart. 
CASE REPORT 


The patient was a 19-vear-old white male, who entered Michael Reese 
Hospital on the service of Dr. W. A. Brams on Noy. 12, 1939, complaining of 
cough and pain in the chest of one day’s duration. He was known to have had 
heart disease since birth, and his activities had always been restricted. He had 
been followed in the out-patient clinie. 

Qn the morning of admission he was awakened by pain in his right chest 
and a nonproductive cough. On two oceasions following a paroxysm of coughing, 
he became dyspneie and perspired profusely. There was no precordial pain or 
hemoptysis. 

llis past medical history revealed the presence of evanosis since birth, 
pheumonia at the age of 5, measles, and chickenpox. One brother had rheumatie 


heart disease. Three other siblings, his mother and father, were all alive and 


Well. He had had a series of eleetrocardiograms taken before this episode, one 


of which is shown in Fig. 1A. 
’n admission he had a temperature of 99° F., a pulse rate of 120, and a 
resplvatory rate of 28 per minute. The blood pressure was systolie 96 and 


Krom the Cardiovascular Department and the Department of Medicine, Michael Reese 
Hos} |, Chicago. 

ded by the A. D. Nast Fund for Cardiac Research. 

ceived for publication, December 23, 1940. 
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diastolic 70. The patient was underdeveloped and thin. THis skin was evanotii 
He was slightly dyspneic even with the back rest elevated at a 60 degree ang 
There were no petechiae visible. The right hemithorax appeared larger that 
the left, and it moved less with respiration. Tactile fremitus was diminished 
and the percussion note was hyperresonant over the entire right side of the chest 
Breath sounds were absent, except for a small area of bronchial breathin 
beneath the clavicle. The pulmonary findings on the left side were normal. Th 
apex beat was diffusely palpable in the fourth, fifth, and sixth left intercosta 
spaces as far laterally as the anterior axillary line. There was no cardiae dull 
ness to the right of the sternum. The heart rhythm was regular, and the tones 
were loud. There was an aeccentuation of the first sound at the apex. No mu 
murs were audible at the time of this examination. The abdomen was negative. 
There was a moderate left thoracie kyphoscoliosis. Clubbing of the fingers and 
toes was marked. The diagnosis was congenital heart disease and right spon 
taneous pneumothorax, 

An electrocardiogram was taken at this time (Fie. 1B). A teleoroentgen 
ogram also taken on the day of admission showed a right pneumothorax with 
almost complete collapse of the upper and middle lobes against the mediastinum. 
The right lower lobe appeared SO to 90 per cent collapsed. There was a slight 
upper dorsal scoliosis so that it was difficult to determine whether there was a 
shift of the heart or mediastinum to the left. 

On Noy. 13, 1939, the venous pressure was 6.8 em. of water, the cireulation 
time (arm to tongue) by the ealeium gluconate method was 15.5 seconds, and 
the vital capacity was 1,300 ¢¢. The intrapleural pressure on the right side 
varied between 0 and +4.0 em. of water on quiet respiration, After 1,000 ¢.c. 
of air were aspirated from the right chest, the foregoing determinations were 
repeated. The vital capacity rose to 1,600 ¢.e¢., and the intrapleural pressure 
varied from —6.0 em. to 0 em. of water during respiration, Electrocardiograms 


were taken before and after aspiration of the air and are shown in Fig. 2, 4 


and B. After aspiration Lead CF, was reeorded with the patient in three dil- 
ferent positions: (1) sitting up, (2) left lateral, and (3) right lateral (Fig. 3 
A chest film twelve hours after the aspiration of the air showed little change 
in the findings. Blood studies revealed an intense secondary polveythemia th 
a red blood cell count of 6,720,000, hemoglobin, 24.0 Gin. per 100 ¢.¢. of blood, 
volume index of 1.1, color index 1.05 and a hematocrit of 71 per cent. Ilu- 
oroscopic examination on November 18 showed a persistence of the pneumo- 
thorax, with an almost total collapse of all three lobes of the right lung. The 
heart was slightly deviated to the left, with a rounded contour of its left bor 
The right ventricle was moderately enlarged in the right oblique. There w: 
left auricular or ventricular enlargement. The aortic knob was hardly vis 
The patient’s course in the hospital was uneventful. —Fluoroseop 
November 25, thirteen days after admission, showed 60 to 70 per cent co! 


of the right lung still present. Another electrocardiogram was taken at 


time (Fig. 1C). On December 4, twenty-two days after admission, 50. pe 


collapse was observed on fluoroscopic examination. One week later almo 





BURTON-MEHLMAN : P-WAVE IN CHEST LEAD CF, 467 


physical signs of pneumothorax had disappeared. A loud systolic murmur at 
the apex transmitted toward the base was now audible. The remainder of the 
physieal findings were unchanged. The possibility of a patent interventricular 
septum, moderate overriding of the aorta to the right ventricle, and narrowing 
of the infundibulum of the pulmonary artery were considered as the anatomic 


defects. 
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cae! 
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j 


HS 
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Fig. 1.—Effect of pneumothorax and its spontaneous resolution on the electrocardiogram. 
ent A, control record taken on Jan. 9, 1939. Segment B, record taken on Nov. 13, 1939, 


3 

a spontaneous right pneumothorax. (Note the deeply inverted P-wave in Lead CF:.) Seg- 

t C, record taken on Nov. 25, 1939, when the right lung was 60 to 70 per cent collapsed. 

ent D, record taken on April 6, 1940, when all evidence of the pneumothor: ix had disap- 
1. See text for discussion. 


The patient was discharged on December 12, thirty days after admission, 
much improved. Further observations were made in the out-patient department. 
A teleoroentgenogram was taken on Feb. 3, 1940, and showed no evidence of a 
pneumothorax. A final electrocardiogram was taken on April 6, 1940 (Fig. 1D). 
His course since discharge has been essentially similar to that before the pneu- 
mot! orax, 


DISCUSSION 


iXamination of Fig. 1 shows the effect of the pneumothorax upon the 
elec! :oeardiogram. Record A, the control, is abnormal, showing a right ventricu- 
lar } veponderance and peaked P-waves in the limb leads. Following the pneumo- 
thorax (segment B), marked changes in the S-T segment and T-wave were 
prod'iced, and there was an increase in the axis deviation to the right. The 
most striking changes occurred, however, in the P-waves, and especially the 
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P-wave in Lead CE,; this deflection consisted of a deeply inverted wave 14 mn 
in amplitude, preceded by a tiny preliminary upright phase. With = partia 
resolution of the pneumothorax, segment C, the electroeardiogram tended t 
revert toward its previous appearance and P-wave changes occurred in all leads 
The P-wave in CI, was still large, but it had become diphasie with the first 
phase up. The record, segment D, taken after all evidence of the pneumo 
thorax had disappeared is fairly similar to the control record taken before t] 


1¢ 
l 


AN B 


ew lm, 


Fig. 2.—Effect of partial release of pneumothorax on the electrocardiogram. Segment 
control record (compare with segment B, Fig. 1). Segment B, record taken immediately) 
1,000 c.c. of air had been withdrawn from the right pleural cavity. Note the decrease in the 
right axis deviation and the marked change in the P-wave in Lead CF». 


pneumothorax developed. It is, therefore, proper to ascribe the elec 
eardiographic alterations in this case to the pneumothorax. This statement 
further supported by comparing the similarity in the changes whieh occu 
immediately following the withdrawal of 1,000 ©. of air from the ¢ 
(Fig. 2) and the more eradual changes illustrated in Fig. 1 (B, C, and 
as the process resolved spontaneously. 

The P-wave in Lead CF, in these figures, although larger in amplitude, 1s 
similar to the one described by Gertz.! It is the type of deflection obtained by 
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Wilson, Macleod, and Barker? and others when a unipolar lead with one 
electrode connected directly to the auriele is applied. However, the phase 
relations of the P-wave in this case and in that of the authors just mentioned are 
mirror images because the lead connections to the galvanometer were reversed. 


Fig. 3.—Records showing effect of postural changes in the electrocardiographic contour of 
the chest Lead Ck: in this patient when the pneumothorax was present Segment <A, patient 
sitting upright. Segment B, patient in the left lateral recumbent position. Segment C, patient 
in the right lateral recumbent position. (Note the marked P-wave changes and the variations 
of the P-wave with respiration in segment C.) 


The P-wave changes in this case must be ascribed to a displacement of the 
heart, such that the auricle comes to lie beneath the chest electrode. When the 
pneumothorax was at a maximum, viz., in Fig. 1B and Fig. 24, the appearance ot 
the P-wave suggests that the part of the auricle in which the pacemaker of the 
heart is loeated was lving close to the chest electrode. Such records, or rather 
their inverted images, because of the reversed electrode connections, have been 
obtained with unipolar leads in the neighborhood of the sinus node. In order 
for these P-wave changes to occur, it must be presupposed that the heart is 
pushed over laterally, ventrally, and eaudally, and that it is also rotated in 
a counterclockwise direction when viewed from above. Countereloeckwise rota- 
tion causes a deviation of the electrical axis to the right (Katz and Robinow*) ; 
this was observed in our case. 

With resorption of the pneumothorax, the displacement of the heart was 
less marked. Henee the region of the sinus node became farther removed from 


the chest eleetrode, and at this stage a P-wave with more nearly equal phases 
Was recorded (Figs. 1C and 2B). 


\s might be expected, the heart in a chest with a partial pneumothorax is 
more mobile than normal. This is shown by the changes in the contour of the 
elect ocardiogram in Fig. 8 when the body posture was altered. In addition, 
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the respiratory variation in the P-wave contour was greatest when the patie 
was in the right lateral position with his heart supported from below by t) 


collapsed lung and the pneumothorax (Fig. 3C). These shifts in the heart 


position alter the relation of the heart to the good and poor electrical conductors 


in contact with its surface and lead to the variations in the electrical field 
It has been shown that the conductors surrounding the heart vary in their ability 
to conduct the electric currents generated by the heart and that alterations in 
these contacts affect the eleetrocardiogram (Katz and Korey; Lindner and 
Katz 

The view presented by Gertz! is thus confirmed and amplified: namely, that 
peculiar large P-waves in the chest Lead CF, may be a sign of cardiae dis 
placement in which the right auricle is brought into close proximity with thi 
chest electrode. 


SUMMARY 


A ease is presented showing an unusual and deeply inverted P-wave of 14 
mm. in Lead CF... This P-wave was produced by cardiae displacement, result- 
ing from a spontaneous pneumothorax whieh brought the right auricle into 
close apposition to the anterior chest wall. The contour of the P-wave was such 
as to suggest that the part of the auricle beneath the chest contained the pace- 
maker, the sinus node. As the pneumothorax was relieved, the large P-wave 
became diphasic, suggesting the apposition of other parts of the auricle to the 
anterior chest wall. Finally, as further resolution of the pneumothorax pro 
eressed, the P-wave returned to its smaller and more nearly normal appearance, 
which existed before the pneumothorax occurred. During the pe riod of pneumo 
thorax, the changes in the P-wave with change in body posture indicated greater 
than normal mobility of the heart. 


We are grateful to Dr. L. N. Watz, at whose suggestion this study was undertaken, for 
advice and guidance. 
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HE literature records several studies of the plasma proteins in ‘‘normal”’ 

individuals. These values are not wholly adequate, since most of the stud- 
ies have been made upon small groups of persons, chiefly adults, whose state of 
health in many cases is open to question. There is a great paucity of data with 
respeet to plasma protein values in infaney and early childhood. In addition 
to this lack of adequate material, the existing studies have been based upon 
different methods of analysis which do not give comparable results. The many 
and varied functions attributed to the different protein fractions of the blood 
plasma have made it increasingly important that a quantitative study be under- 
taken to determine the amount of albumin, globulin, and fibrinogen present in 
the blood of healthy individuals. Such a study also furnishes the necessary 
foundation for the interpretation of findings in pathologic conditions. We have 
determined the concentration of the protein fractions in the plasma of 547 
healthy persons by means of a salting-out separation of the different proteins, 
followed by Kjeldahl analysis. The details of our analytical procedure have 
been given in a previous publication. ' 


MATERIAL USED 


The subjects for this study were obtained from various sources. A few of 
‘hildren were personal friends of ours, or children of the Child Research 
cil. The majority of the babies and vounger children were from ma- 
tv hospitals or Homes at which they received regular medical supervision 
n which the dietary was considered to be adequate. The adolescents were 
nts at West Denver High School and were examined and questioned by a 
clan and one of us when the blood was taken. The adults were medical 
nts and laboratory workers. In every case an attempt was made to rule 
lose Who might present a clinical or subelinieal variation in any of the 
n fractions as a result of recent immunization, malnutrition, dehydration, 
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chronic or acute disease, or recent injury. Samples were not taken from per 
sons presenting a history of mild illness within the preceding two weeks, or o 
immunization, severe infection, or contagion within the preceding three months 
With two exceptions, the subjects under one vear of age were all considered to 
have been full-term babies. Two babies, one 3 months old and the other 6 months 
old when the blood was taken, were probably premature at birth. A few per 
sons who had minor injuries, such as blisters or scratehes of the hands or feet. 
were included. A Wassermann test was done on the serum of each child from 
the institutions, and those few with a positive test have been omitted from thi 
present study. The majority of the children had also been tested with tubereuli: 
at regular intervals while in the Homes. A few (eight) positive tests wer 
obtained, but inasmuch as these showed no clinical or x-ray evidence for activi 
tuberculosis, they have been ineluded. 

It is conceivable that each disease to which a child becomes immunized mieht 
leave a permanent record of some increase in the total plasma globulin, since 


the antibodies are found in this fraction. Complete histories were not available 


on the persons of this study, and therefore, no attempt has been made to classify 


them on this basis. 


Most of the blood samples were taken during the morning. With older chil 
dren and adults, the majority of the samples were obtained from one-half to 
two and one-half hours after the usual breakfast. Twenty-six analyses on ehil- 
dren between 3 and 9 years of age were made on bloods taken after a fast of 
twelve hours. No consistent difference was found in any of the protein frac 
tions between the children who had fasted and other children of the same age. 
Similar findings have been reported by other workers.2* With the small in 
fants, blood samples were also obtained at varvine periods of time after feeding. 
No separation has been made between those who were entirely breast fed and 
those who received supplemental feedings. In the period from the third day 
of life to the end of the first month, 90 babies were known to be entirely breast 
fed, and 15 received one or more supplemental bottle feedings each day. After 
the first month most of the babies were wholly or partly bottle fed. The smal 
number of bottle-fed babies in the first month of life and of breast-fed babies 
in the older age groups makes it impossible for us to say with eertainty whether 
the type of feeding is a factor in determining the plasma protein level in 
faney; however, no definite association between the type of feeding and tlic 
levels of the different protein fractions has been observed in our series. This 
is in contrast to the work reported by Ujsaghy,* in which lower values for 1 
total plasma protein were found in breast-fed infants as compared with ar’ 
ficially-fed infants of the same age. 

Blood samples were taken from the external jugular, the femoral, or the sc 
veins in the small infants, and from the arm or hand veins in the larger c¢! 
dren and adults. In taking the blood, a minimum amount of stasis was Us 
The blood sample (2 to 4 ©.) was placed immediately in a tube contain 
a slight excess of dry heparin (about 0.5 mg.), mixed, and centrifuged 1! 
stoppered tube as quickly as possible. The plasma was separated usually wil 
one hour from the time the blood was taken, and in all cases, within three ho 
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RESULTS 


Variation in the plasma concentration of the different protein fractions has 
heen determined within groups of similar subjects. In addition, we have at- 
tempted to determine the association, if any, between the different protein con- 
centrations and the factors of age, sex, and season of the vear. The series of 566 
determinations on 547 persons is made up of 3808 determinations on males and 
263 on females. These are distributed equally throughout the entire age se- 
quence, except in the range above 20 vears, in which the females are predom- 
inant; and at 11 vears and below 6 months, where the number of males is in 
excess. The blood samples have been separated into two groups according to 
the season in which they were done: ‘‘summer’” extending from April 1 
through October 31, and ‘‘winter,’’? from November 1 through Mareh 31. 
In the age period from one month to 6 months, the grouping according to sea- 
son is uneven. From 6 months to 12 vears the analvses are more evenly di- 
vided between winter and summer for each age interval and for each sex. For 
the group from 12 to 20 vears, most of the analyses were done during the winter, 
and from 20 to 40 years, in the summer. The complete distribution of the 
analyses is summarized in Table I. 

TABLE I 
DISTRIBUTION OF ANALYSES ACCORDING TO SEASON OF YEAR, SEX, AND AGE OF PERSONS 


NUMBER OF ANALYSES 


MALES FEMALES 


SUMMER WINTER SUMMER> 


sirth to 15 days ‘ 18 | 16 13 
15 days to 31 days 15 5 1 
1 month to 6 months 3 9 20 6 


months to 4 years 26 22 18 


+t vears to 8 vears a 14 
8 vears to 12 years Ze 26 12 


lI? vears to 20 years 2. : 34 


20 vears to 40 vears y 6 


Limitations of space prevent a detailed presentation of data; however, 
these have been analyzed by accepted statistical procedures (Mainland®) and 
the significant findings are given. 

Albumin.—The albumin fraction shows no significant variation between 
the sexes, nor with the height, weight, or body surface of the subjects, but it 
does vary with age and with the season of the vear. During the first month of 
life the albumin is low, the mean value being 3.79 Gm. per 100 ¢.¢., with a 
standard deviation of 40.83 Gm. There is no apparent change with age at this 
early period, but the variation between different babies of the same age is large. 
At about one month a rise in the albumin with increasing age becomes apparent. 
This continues until the ‘‘adult’’ level is reached, sometime between 6 months 
and 1 year, after which there is no further significant change with age. As 
pointed out, the babies in our series were predominantly breast fed in the first 
month of life and bottle fed atter this age. It, therefore, appears possible that 
the increasing plasma albumin concentration may be associated with the change 
in diet and may not be entirely referable to age. A consideration of the 90 
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breast-fed and 15 bottle-fed infants under one month of age gives no indication 
of a relationship between the plasma albumin level and the type of feeding 
however, a larger group of infants must be studied before such a relationship 
can be determined definitely. In our series there is an apparent rise in thi 
plasma albumin level between the ages of 13 and 20 vears old. This may result 
from the fact that this group of analyses was done during the winter, and the 
rise in values may be ascribed to seasonal variation rather than to a chang 
with age. The mean ‘‘adult”’’ level is 4.70 Gm. per 100 ¢.e¢., with a standard 
deviation of +£0.32 Gm. 


Albumin 
Gm/100c. Plasma 


aa a eae eS eS eS ! 
O Iwk 2wK Swk 4wi 2mo 3mo.4ma Sma éma lyr = 2yr. 





—— 


10yr layr leyr: 20yr. ‘40yr. 


Chart 1. \ seatter diagram of albumin, expressed as grams per 100 e.c. of plas: 
referred to age. The unbroken line indicates mean values; the region between the broken lit 
is that included within plus and minus two standard deviations from the mean. 


We have determined the trend of values during the period of change 


This is shown graphically in Chart 1, together with the values for both vounge! 


and older persons. It can be seen that the spread covered by two standard 


deviations, including about 95 per cent of the cases, is very large for all ages. 


This spread is made up of two components, the true biologie variation and thi 
variation caused by chance errors in the analytie procedure. The true biologic 
variation has been calculated as follows: 


S.D.) V (S.Der)? (S.D.y,)? 
\ 0.32395? 0.077052 
\/ 0.099007 
0.314 


The symbol **S.D."" represents the standard deviation, and the subseript | 
ters **B,’? °*T,’* and **M”’ refer to the deviation characterized as biologic, tot 
and measurement, respectively. It is seen that the true variation between 

dividuals is large, even after allowing for the increment caused by errors 
measurement. By means of longitudinal studies we hope to determine whet! 
this wide spread indicates that the plasma albumin concentration varies wid 
in a given person from time to time, or maintains itself within the individ 

at a high or low level in relation to other persons. 
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The albumin analyses have been studied with respect to seasonal variation. 
In the series of 127 babies up to one month of age, there is no significant dif- 
ference in the plasma albumin level at different seasons of the vear. For per- 
sons over 3 years of age, 142 winter samples give a mean value of 4.85 
S.Dur 0.30), and 167 summer samples show a mean of 4.59 (S.Der 0.31). 
Although this difference is not great, the probability that it would oeeur by 
chance alone is much less than 1 in 100.) Chart 2 shows the frequeney distribu- 
tion of albumin values in the two groups. With the data available we have 
not been able to determine at what point between one month and 3 vears of 
age the seasonal variation appears. 

PerCent 
of 


Cases 


x 


—— All cases 





Sum mer (164 cases) 


- — Winter (143 cases) 
4 l 1 


4.3 41.5 4.7 1.9 Sul 
Albumin 
gm. /100 ©.¢. 





2? —Winter and summer frequency polygons of albumin values in 309 analyses on individ- 

uals over 3 years of age. 

Bazett, Sunderman, Doupe, and Scott!’ have presented evidence to show 
that during the transition from winter to summer there is an increase in blood 
Voluine in human subjects and a corresponding decrease in total plasma protein 
concentration, As the warmer temperature is maintained, the proteins increase 
unti! the initial level is reached. During the transition from summer to winter, 
the reverse set of changes takes place. It might at first seem that this type of 
mechanism could account for the seasonal variation in albumin which we have 
observed, since our ‘‘summer’’ group would, to a large extent, include the 
trans tion from winter to summer, and the ‘* winter’? group would demonstrate 
the site change. However, since the globulin and fibrinogen have not shown 


a seasonal variation similar to that observed in the albumin fraction, the picture 


IS More complex than one of simple dilution and concentration of the plasma. 
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Yosida" has studied rabbits with respect to the seasonal variation in certai 
plasma constituents. Although it is difficult to interpret his findings in ternis 
of absolute values for the protein constituents, the figures given should Jy 
comparable within themselves. His results on this species of animal show 
higher albumin durine the summer months than durine the winter. This is 
in direct contradiction to our results in whieh the lower albumin values ox 
eurred during the summer. It seems possible that different species of animals 
might respond differently to temperature changes. It is also possible that the 
variation which we have observed may be the result of changes in diet and 
living habits rather than temperature changes, whereas in the ease of rabbits, 


the diet, activity, and living conditions are more subject to control. 


Globulin 
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Chart 3.—A scatter diagram of globulin, expressed as grams per 100 ¢c.c. of plasma, referred to 
e (see legend of Chart 1) 


Globulin.—The plasma globulin concentration has been found to vary with 
age, as shown in Chart 3, but it does not vary with sex or size of the person, 


nor with the season of the vear. At birth, and for the first week of life, 
globulin is present in a mean concentration of 1.66 Gm. per 100 e@.¢., with a 
standard deviation of »0.29. Between the first and the fifth week the value falls 
to 1.31 Gm. per 100 ©. (S.D.p 0.25), where it is maintained until the age 
of about 6 months. At about 6 months a gradual rise in globulin concentration 
becomes apparent, and continues to an age of about 4 vears, at which time t] 
‘“adult’’ level of 2.08 Gm. per 100 ce. (S.Dep 0.384) is reached. Atte 
vears, up to 20 to 40 vears, there is no significant change in the globulin ley: 
In Chart 3 there appears to be a fall in the globulin in the period betwee? 
and 40 years. This is probably not a real change, but it may result from 
fact that 15 determinations in this age group were obtained on two individ 
who have maintained a consistently low globulin over a period of many mo! 

As was the ease with the albumin, the greater part of the variation in v: 
at any age level is apparently a true biologic variation, and not the resu 
chanee errors of analysis. [For all persons over 5 years of age the | 
globulin concentration is 2.08 Gm. per 100 ¢.¢.; the standard deviation 1 


senting biologic variation (S.D.;) is 40.84, 
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The distribution of values shows a definite skew toward the higher globulin 
concentrations, as shown in Chart 4. Similarly, there are more above the area 
covered by plus or minus two standard deviations than there are below it, as 
ean be seen in Chart 3. There is no known explanation for this fact; however, 
it seems possible that in spite of the care exercised in the selection of subjects, a 
few may have been included who show an elevated globulin as a result of infec- 
tion or immunization. It is known!'?'’ that the development of antibodies is 
frequently accompanied by an increase in some fraction of the total globulin, 
but little is known of the duration of this hyperglobulinemia. 

PerCent 


of 


Cases 


30 


—All cases 
----- Summer (141 cases) 
— -— Winter (119 cases) 





4 | 


Ls 17 1.9 28 
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Frequency polygon of globulin values in 269 analyses on persons over 5 years of age. 
} } : 


Fibrinogen.—The most striking feature of the findings with respect to 
fibrinogen is a wide seatter of the values in all groups. Chart 5 shows the dis- 
tribution of values for both sexes graphed with respect to age. From the chart 
it will be observed that there is a slight tendeney toward a higher mean value 
and ereater variation at birth than in the older age groups. This may or may 
not be a real change; in any event it is probably too small to be of clinical sig- 
nificance, except in so far as it may indicate instability of the plasma fibrinogen 
concciitration in the first weeks of life. After one month there is no significant 


chanee with age in the mean level of plasma fibrinogen. This value is 0.21 Gm. 


per 100 ¢.¢., with a standard deviation (total) of +0.0590. As was the case with 
the albumin and globulin fractions, the spread in values seems to be due to a 
true biologic variation, the standard deviation corrected for chance errors of 
analysis being 0.0585. 
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In the period up to 5 vears of age there is no significant difference betwee 
the sexes in the fibrinogen level. After this age the males tend toward low: 
values, the mean for 128 males beine 0.201 (S.D. 0.054), as contrasted 
with a mean of 0.218 (S.D.u> 0.058) for 1386 temales. Although this dit 
ference is not great, the probability that it would occur by chance alone is he 


tween 1 and 2 in 100. 
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Chart 5. A seatter diagram of fibrinogen, expressed as grams per 100 e.c. of plasma, refer 
to age (see legend of Chart 1). 
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Chart 6.—Frequency polygon of fibrinogen values in 259 analyses on persons over 5 years 0! 


The distribution of fibrinogen values about the mean, as shown in Cha! 
shows a skew toward the higher values somewhat similar to that observed 
the globulin. This similarity raises a question of correlation between the 
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fractions. Chart 7 shows the fibrinogen values in relation to each correspond- 
ing globulin value for all analyses on persons over 5 years of age. Although 
a slight correlation is present, it is to be noted that, with one exception, the 
fibrinogen values above two standard deviations do not occur in the same persons 
as those showing globulin values above the two standard deviation range. It 
seems likely, therefore, that the factor, or factors, producing the skew in the 
globulin distribution are not the same as those involved in the fibrinogen dis- 
tribution. 


Fibrinogen 


gm./100 Cé. 


O5L 
0.4 
0.3 


0.2 


— Globulin, two standard deviations 
sie — Fibrinogen, two standard deviations 


13 2.0 4.5 3.0 
Globulin 


gm. / 100 Cf, 








A seatter diagram of fibrinogen concentration referred to the corresponding globulin 
concentration in 259 samples of plasma from individuals over 5 years of age. 

Ham and Curtis!’ have reviewed the literature with respect to fibrinogen 
values that have been reported, and have studied this factor in a series of 
adults under varying physiologic and pathologie conditions. In their discus- 
sion these authors state, ‘‘Normal pregnancy is the only ‘physiological’ con- 
dition associated with increased fibrinogen concentrations to values of from 
300 ing. to 450 me. Diagnostically, therefore, an abnormally elevated plasma 


fibrinogen concentration in the absence of pregnancy is laboratory evidence for 


an organic disease process which may be present at the time of observation or 
Whicl) may have terminated several days or weeks before.’’ Our series shows 
plastia fibrinogen concentrations above 0.4 Gm. per 100 ¢.¢. in 4 of 259 persons 
over + years of age. At the time of the analyses these persons, as stated previ- 
ously, had had no minor illness (mild colds) in the preceding two weeks, and no 
serious ilmess with fever during the preceding three months. One of the four had 
recovered from pneumonia three and one-half months before the determination 
Was done and may have had an elevated fibrinogen which would extend over this 
period of time. The other three children had not shown symptoms of any acute or 
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chronie disease, nor had they been immunized against any disease during an 












































































eight-month period preceding the plasma protein determination. One must 
conclude, therefore, that (1) the findings of lam and Curtis do not apply to \ 
children; (2) allowance must be made for an occasional ‘‘normal’’ plasma I 
fibrinogen concentration above the limits set by these authors; or that (3) the ¢ 
fibrinogen clevation following disease is more prolonged than these authors 
would lead one to believe. With the data at hand we have been unable to deter- | 
mine which of these three possibilities is the correct interpretation of our results. ? 
} 
Total Protein ¢ 
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Chart 8.—A scatter diagram of total protein, expressed as grams per 100 ¢c.c. of plasma, referred 
to age (see legend of Chart 1). C 
_ d 
Total Proteon.—The total protein is frequently determined without sepa- : 
c 
rate analysis of the different fractions. This practice leaves much to be desired, . 
since most of the functions of the proteins may be attributed primarily to one t] 
or another of the fractions rather than to their combined, total concentration." 
On the other hand, the determination of total protein is a relatively simple pro- r 
cedure and gives some information of value to the clinician. The total protein . 
reflects the difference between the sexes with respect to fibrinogen and the sea- 
sonal variation observed in the albumin; however, the most significant variation ‘ 
is that occurring with age. At birth the total protein concentration is 5.70 Gm. ‘ 
per 100 ¢.c., with a standard deviation (total) of £0.45 Gm. per 100 ¢.e. During M 
the first month of life the value falls to 5.388 Gm. per 100 ¢.e. (S.Der 0.37 | 
after which there is a gradual rise until the adult level of 6.94 (S.D.r 0.4) . 
is reached at about 4 years of age. These changes are shown graphically 1m R 
Chart 8. v 
DISCUSSION 
Of the many methods used in the study of plasma protein concentra‘ 1ons, @ 
the one based upon Kjeldahl analysis has best survived the test of time. ‘T/11s 1S T 
because the results obtained with this method may be more accurately !°pro- a 
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duced, and are less subject to errors caused by extraneous factors whieh may 


be present, especially in pathologie conditions (see Chorine,” and Myers and 
Muntwyler?’). In the analysis of fibrinogen the values obtained by different 
methods may be more comparable. Our discussion of albumin and globulin con- 
centrations will be limited to the studies in which a salting-out procedure has 
been used to separate the fractions, and the analysis has been based upon 
Kjeldahl nitrogen determination. In some instances, workers have used a factor 
other than 6.25 to convert the nitrogen content to protein. These figures have 
been recalculated using 6.25 as the factor in order that all the results may be 
expressed in the same terms. We do not wish to imply a belief that the different 
proteins contain exactly 16 per cent nitrogen; however, this nitrogen content is 
most uniformly assumed, and the protein concentrations caleulated upon this 
basis may be easily corrected at some later date if it is shown that their nitrogen 
content varies significantly from this value. 

Table IT gives a summary of albumin and globulin values reported in the 
literature. Some of these workers have used serum; others have used plasma. 
In the latter group both heparin and oxalate have been employed as anti- 
coagulants, and in two instances no statement is made concerning the anti- 
coagulant. Of the six workers who have analyzed plasma, only two give values 
for fibrinogen. In three papers the sum of the mean values for albumin and 
globulin approximates the mean total protein, and it is, therefore, assumed that 
the so-ealled ‘‘globulin’’ ineludes both globulin and fibrinogen. In the report 
of Muntwyler, Way, Binns, and Myers,?’ the mean total protein is greater than 
the sum of the albumin and globulin, and we have, therefore, assumed that the 
fibrinogen was determined separately. A variety of salts has been used to sepa- 
rate the albumin and globulin. We have not attempted to analyze the reported 
values on this basis, but we have included all papers in which a salting-out pro- 
cedure was employed, irrespective of the salt used. In none of the work to be 
discussed has any mention been made of the season of the year in which the 
analyses were done. Seasonal variation in the albumin fraction might, to some 
extent, account for the disagreement among different workers with respect to 
this fraction. 

The data summarized in Table II cover analyses on 102 adults and 199 
children from birth to 15 years. For the entire group of adults the mean 
albumin concentration is about 4.6 Gm. per 100 ¢.¢., with a range from the low 
of 3.3 reported by Lewinski?! to a high of 5.65 reported by Bruckman, D’Esopo, 
and Peters.2° This mean value is in relatively good agreement with the mean 
albumin concentration of 4.7 Gm. per 100 ¢.¢., which we have found in older 
children and adults, and only the low values reported by Lewinski?! and by 
Linder, Lundsgaard, and Van Slyke? fall outside the three standard deviation 
range covered by our series. On the other hand, the mean values reported by 
the different workers for their respective small groups of persons vary widely 
With respect to each other and in comparison with our mean. 

Tie globulin analyses reported in the literature cover 54 adults, with a 
combined mean of about 2.0 Gm. per 100 ¢.¢. and a range from 1.32 to 3.79. 
This pean value is the same as we have found for older children and adults, 
as is ile total range, except for one high value (3.79) reported by Lewinski.”! 



























THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 








TABLE II 











PLASMA PROTEIN VALUES REPORTED IN THE LITERATURE IN WHICH THE METHOD OF ANALYS 
Is SIMILAR TO THAT EMPLOYED IN THIS StTuDY 












AUTHOR NUMBER 
DATE OF AGE ALBUMIN} | GLOBULIN} | FIBRINOGEN] REMARKS 
REFERENCE 


Lewinski (1903) 21 3 Adult 3.90-4.47 2.36-3.79 0.28-0.50 Oxalated 









CASES 

























plasma 
Linder, Lunds 7 Adult 5.62-4.9 2.45-2.89 | In elobulin? |Oxalated 
gaard, and Van (4.11) (2.61) plasma 
Slyke (1924) 22 
Salvesen (1926)23 16 Adult 3.95-5.24 1.96-3.16 | In globulin? |Oxalated 
males (4.44) (2.58) | plasma 
| 
16 Adult 3.77-4.80 | 2.18-3.55 | In globulin? |Oxalated 
females (4.55) (2.68) plasma 
Wiener and |} 20 Adult $,.20-5.00 1.50-1.90 Male Anticoagulant 






Wiener (1930 ) 24] (4.60) (1.70 0,.22-0,28 not given 
(0.25) 











Female Plasma used 



















| 0.25-0.33 
(0.28) 

Moore and Van i) Adult 4.0-4.5 (2.8) In globulin? | Heparinized 
Slvke (19380) 25 (4.3) plasma 

Bruckman, is Adult 1.37-5.65 1.32-2.91 baer Serum 
D’Esopo, and males (5.06) (1.89) 

Peters (1930) 26 pat aa : 
; | 8 Adult $.71-5.17 202-S.ae | -S2sece Serum 
| females (4.98 ) (2.62) 

Muntwyler, Way, 10 Adult (4.84) (1.88) ? Anticoagulant 
Binns, and males | not given 
Myers (1933)27 | | Plasma used 

Darrow and Cary | 20 |Newborn (3.73) (1.78) ra re Serum 
(1933 )28 | | over 3 S.D. -0.88|)S.D. -0.45 









days 
















5-6 mo. (2.01) - Serum 
S.D. -0.38/)S.D. -0.34 
Rennie (1934) *29 | 6 |3-6 mo. (4.67) (1.84) is Serum 
4 1146-1 yr. (4.76) (1.99) pee mus 
5 1-] Vy, yr. (5.26) (2.27) on C 
9() Over 1% yr. (5.02) (2.39) ao 
Rennie (1935) +30 | 99 |3-23 mo. 1.1-5.9 | 1.13-2.82 heidi Serum 
24 214-11 yr. 1.0-5.5 1.4-3.0 aioe wate: 
Dodd and Minot 16 Birth to 3 2.6-4.2 (1.78) eoeearess Serum 
(1936) 31 mo. (3.0 h 









3 mo.-2 vr. 3.6-4.8 (1.91) eee 









2-15 yr. 
(4.65) 






*Patients have “no apparent abnormality except mild rickets.” 
7Patients are afebrile convalescents. 

















tNumbers in parentheses indicate mean values. r 

‘ 

In contrast to this, the mean value of 2.6 Gm. per 100 ec. for globulin 0 
fibrinogen, reported in the literature for 48 adults, is distinctly above the sum p 
of our mean values for the two fractions. “ 
Serum analyses have been reported in the literature for 199 children. T)iese - 
results have not been presented for each individual, but for age groups wich Ww 






frequently include periods where we have found the concentration of one « 
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fractions to be changing. Thus the mean values for these groups cannot be ex- 
actly compared with our series, since we do not know the distribution of per- 
sons within the groups that have been reported. In general, the albumin con- 
centrations which have been reported fall well within the range of values cov- 
ered by our series for corresponding age periods. A notable exception to this 
is the high mean albumin level of 5.07 Gm. per 100 ¢.¢. reported by Rennie?" 
in 1934 for 25 children over 1 vear old. This is in contrast to our mean of 4.7 
for all children over 1 vear old, or the mean of 4.83 for the analyses done during 


the winter months on children of this age group. 


Albumin 





— Globulin, two standard deviations 
— — Albumin, two standard deviations 


LS 2.0 2.5 3.0 
Globulin 


gm. /100ce. 








Chart 9.—A scatter diagram of albumin concentration referred to the corresponding globulin 
concentration in 262 samples of plasma from individuals over 5 years of age. 


Nhe serum globulin values which have been reported for children tend to 
be higher than those of our series at corresponding age levels. A possible ex- 
planation of this discrepancy might be that some of the children used by other 
Workers, although not acutely ill when the blood was taken, may have shown 
a mild hyperglobulinemia as a result of recent infection or immunization. 

llam and Curtis'® have reviewed the literature with respect to plasma 
fibrinogen concentration in normal persons. In 193 determinations on adults 
reported by these authors, and in the work reviewed by them, the fibrinogen 
Values fall between 0.190 and 0.380 Gm. per 100 ¢.¢., with a mean of about 
0.250. These results are essentially the same as those given in Table II, as re- 
ported by Lewinski,?! and by Wiener and Wiener.*4 | Our mean value for per- 
Sons between 3 and 20 years is slightly below this, and our range is somewhat 


Wider, including many values below those found in the literature, and a few 
Which are higher, We have been unable to find any extensive literature cover- 


mg the plasma fibrinogen concentration in early childhood or infaney. It is 
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quite possible that our results on persons from 3 to 20 years of age would not 


represent the values to be expected in persons from 16 to 61 years, the age range 






studied by other workers. In our series there is an apparent rise in the fibrino 






gen in the period from 12 to 20 years. This is offset by the low values ob- 






served between 20 and 40 years, and the mean for the entire group beyond 12 






years is the same as that for children from 3 to 12 vears of age. A real tendenc 






toward increasing fibrinogen concentration after puberty ean be established onl 






by studies on a larger group of persons. The results reported in the literature 






may indicate that such an increase does occur. 
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Chart 10.—A scatter diagram of fibrinogen concentration referred to the corresponding albumin 
concentration in 259 samples of plasma from individuals over 5 years of age. 





















We are not satisfied that the ratios of albumin to globulin have sufficient 





significance to justify including these values in our tables. It is true that plasma 






and serum protein determinations are frequently reported in terms of the total 





protein concentration and the ratio of albumin to globulin, the A./G. ratio. 





With serum analysis this method of recording, although unnecessarily ob- 






secure, gives a complete picture, for one can caleulate the more significant indi- 






vidual values for albumin and globulin if the total protein and the A./G. ratio 






are given. When plasma is used, however, confusion arises because some work- 






ers include the fibrinogen with the globulin in computing the A./G. ratio, wiile 





others do not. 






Interpretation of the results of plasma protein determinations, from ei! her 






the physiological or clinical point of view, is based largely upon the concen!ra- 






tion of each separate fraction, with its independent functions, and not upon the 





ratios between the different parts. I'urthermore, in our work with hea!thy 






persons, the three major protein fractions have been found to vary independently 
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of each other, as shown in Charts 7, 9, and 10. Therefore. we believe that the 
albumin, globulin, and fibrinogen should be treated as separate entities (or 
systems), and that it is more satisfactory to record in the literature the actual 
values of the separate protein fractions rather than a ratio between any of the 
constituent parts. 

Boissevain'® '" has recently reported that serum albumin greatly promotes, 
and serum globulin inhibits, the growth of the tubercle bacillus on artificial 
media. Should the two proteins be shown to have an antagonistic aetion in 
tuberculosis, the A./G. ratio would become of importance in so far as these pa- 
tients are concerned. 


SUMMARY AND CONCLUSIONS 


1. A total of 566 analyses of plasma albumin, globulin, and fibrinogen 
have been made on 547 healthy persons from birth to 89 vears of age. 

2. The protein fractions have been separated by salting-out with sodium 
sulfate and analyzed by a micro-Kjeldahl procedure. 

3. Hach of the protein fractions undergoes a change with age in early 


infaney and childhood. These changes have been defined. 


4. The plasma albumin concentration in persons over 3 vears of age is 


higher in the winter than in the summer months. This seasonal variation does 
not appear in the other fractions. 
®’. In persons over 5 vears of age the plasma fibrinogen tends to be higher in 
females than in males. 

6. In normal persons the albumin, globulin, and fibrinogen vary inde- 
pendently. 

7. No correlation has been found between any of the protein concentrations 
and the time elapsing after the ingestion of food. 

8. There is no correlation between any of the protein concentrations and 


the height, weight, or body surface of the individuals. 
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BLOOD FROM THE EAR LOBE* 


PRELIMINARY REPORT 


G. BrRuCcKMANN, PH.D., Tet Aviv, PALESTINE 


[' SEEMS generally accepted that, under standard conditions, practically 


identical hemoglobin values are obtained from venous and peripheral blood. 
A closer review of the literature, however, reveals that this view is based in 
most cases only on comparison of venous blood with blood from the finger tip. 
Only a few investigators have worked with blood from the ear lobe as represent- 
ing the peripheral sample, and have found no significant differences for hemo- 
elobin or red blood cells (Biirker,'! Yarbrough,? Foord,’ Reichel and Monastero,* 
Price-Jones and co-workers’ ). 

During hematologic work at this laboratory concerned with the establish- 
ment of standard red blood cell values for Palestine and the study of seasonal 
influences on these values, the usually taken venous samples were—very ocea- 
slonally—replaced by samples from the ear lobe; in each of these cases, abnor- 
mally high hemoglobin figures were observed. A reinvestigation of the question 
seemed, therefore, advisable, in spite of the fact that it appears to be settled. 


EXPERIMENTAL 


As mentioned this study was undertaken as a corollary to standard work, 
which has been carried out along the internationally adopted lines of sueh 
investigations and will be deseribed in detail in a forthcoming publication. If 
not otherwise stated, the subjects comprised healthy adults between 20 and 40 
vears of age, presenting themselves before breakfast or four hours after a meal. 
Blood was taken from the cubital arm vein without tourniquet, Liquoid Rochet 
being used as the anticoagulant, whieh, like heparin, causes no shrinkage dur- 
ing the hematoerit determinations. 

\fter wiping the finger pulp and the ear lobe with a little ether, the pe- 
ripheral samples were simultaneously taken by puncture with a spring lancet, 
care heing taken to avoid squeezing or evanosis. If only hemoglobin was deter- 
mined, no anticoagulant was used; otherwise approximately 0.5 ¢.e. of peripheral 
blood was collected in small vials prepared with the anticoagulant, as deseribed 
by Andresen.® 

ifemoglobin was determined spectrophotometrically after reduction with 
sodiun: hydrosulfite (Na,S,0,) according to Heilmeyer,’ using a Leitz extinction 
photometer with sereen 570 mu. This method, which has also been used by 
Biirker’ and Williamson,® has proved, after standardization, very satisfactory 
in our hands. To demonstrate the accuracy of the method, the results of 10 


mdepriudent determinations on the same blood sample are given: 


rom the Chemical Laboratory, Hadassah Municipal Hospital, Tel Aviv. 
dium polyanethole sulfonate. 
eived for publication, July 25, 1941. 
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TABLE I 


SIMULTANEOUS HEMOGLOBIN DETERMINATIONS ON VENOUS AND PERIPHERAL BLOOp 
(Results in Grams Per Cent) 


NAMI VENOUS FINGER TIP EAR LOBI REMARKS 
t. 15.9 
16.1 
17.0 
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Mean value: 15.96 grams per cent. Standard deviation: O44. Standar 


error: 0.14. Coefficient of variation: 2.78 
RESULTS 


Table I gives the results of the simultaneous determinations on venous and 
peripheral blood, obtained throughout the year. Ten additional comparisons of 
venous and finger tip blood are for the sake of brevity not listed in the tal le, 
but are included in the statistical evaluation given in Table IT. 


TABLE II 
STATISTICAL EVALUATION OF 30 COMPARISONS OF VENOUS AND FINGER-TIP BLOOD 
MEAN STANDARD STANDARD COEFFICIENT DIFFERENCE |STANDARD 
DEVIATION ERROR VARIATION OF MEANS OF DIFFE! 


Venous ‘ 2.00 0.365 13.9 
Finger tip li 2.06 0.576 14.6 


SOURCE 


0.25 0.52 
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Table Ll also shows the evaluation of 30 simultaneous measurements of 
venous and finger-tip blood, obtained from 27 persons (14 males, 13 females), 
25 of them healthy ones. The difference of the mean values of —0.25 Gm. is by 
far too small to be statistically significant. This would be the case only if it 
were more than twice its standard error (Fisher’). Ten of the 30 cases gave 
identical values; in 5 cases the finger-tip values were higher; in 15 cases they 


were lower than the venous ones. 


TABLE ITI 


STATISTICAL EVALUATION OF 40 COMPARISONS OF VENOUS,AND EAR LOBE BLOOD 


MEAN STANDARD STANDARD COEFFICIENT DIFFERENCE STANDARD ERROR 
VALUE DEVIATION ERROR VARIATION OF MEANS OF DIFFERENCE 
Venous 14.05 1.96 0.510 14.3 
Ear lobe 15.38 2.14 O.358 3.9 


SOURCE 


1.05 0.46 


Table IIT shows the evaluation of 40 simultaneous measurements of venous 
and ear lobe blood. These were carried out on 34 persons (12 males, 22 females), 
4 of them suffering from anemia. The difference of mean values, +1.35 Cm., is 
nearly three times as great as its standard error and must, therefore, be con- 
sidered. statistically significant. In 3 eases both values were identical; in one 
case the ear lobe contained less, in 36 cases, it contained more hemoglobin than 
the arm vein, On the average, the ear lobe values are 10 per cent higher than 


the venous ones, 


It should be emphasized that the manner in which the blood was taken from 
the ear lobe seemed to be without influence, as could be observed in separate 
experiments. The same high values were obtained whether a deep puneture 
wound with consequent free flow was made, or whether the blood was obtained 
by repeated squeezing, No change in the picture was seen when the ear blood 
was taken first, and the venous sample after a few minutes interval. Seasonal 
influences seemed likewise without effect. More than half of the trials were 
carried out during the winter and spring season, whose climatic conditions de 
not show very marked difference from those of American and European coun- 
tries of the moderate zone. 


COMMENT 


Differenees between venous and peripheral blood under standard conditions 
have so far been reported only in the case of pernicious anemia by Duke and 
Stofer,!’ who found higher values in the ear lobe. During the first days or weeks 
of live higher hemoglobin, red blood cell, and cell volume values were likewise 
observed by several authors in peripheral blood from the heel (e.g., Andresen 
and Mugrage'!), The notorious high peripheral values in shock, caused by 
blood concentration, need scarcely be mentioned here. 

“he fact that such differences also exist in the healthy (and anemic!) adult 
in the ease of the ear lobe should discourage the practice of taking blood from 
this souree for hematologic diagnosis, a practice which is still used by a con- 


siderible number of physicians throughout the world. It further offers a pos- 


sible explanation for the fact that the hemoglobin values in Williamson’s® 





490 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


classic Investigation are uniformly about 10 per cent higher than those obtaine: 
by the majority of all other workers. Williamson had been working with blood 
from the ear lobe. 

It seems conceivable that stasis in the capillaries and subsequent changes 
in the blood composition may more easily oceur in the ear lobe than in the finge: 
pulp. For a better understanding of the phenomenon, however, it is imperatiy: 
to add red blood cell and hematocrit determinations to the hemoglobin values 
reported in the present paper. Work on this line is now in progress, and it can 


already be stated that a tendency for macrocytosis prevails in the ear lobe 


blood. It would be worth while to investigate if this also applies to body blood 


deposits. 


SUMMARY 


Venous blood has been compared under standard conditions with periph 
eral blood from the finger tip and the ear lobe. 

No significant differences exist between the hemoelobin content of venous 
and finger-tip blood. Blood from the ear lobe, however, contains significantly 
more hemoglobin and should, therefore, not be used for diagnostic purposes. 


I wish to express my gratitude to Dr. I. L. Fisher for his helpful advice and criti 
throughout this study. 
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THE MEASUREMENT OF INTRAVENOUS BLOOD SUGAR CURVES* 
Benat Hamitron, M.D., AND A. F. Srerx, M.D. 
CHIcaGo, Itt. 


HE blood sugar curve, obtained after the administration of @lucose, is a 


clinical laboratory test frequently employed, but only rarely giving any 


clear-cut) information, except in’ cases of markedly abnormal carbohydrate 
metabolism. Although it is well known that there are great normal variations 
in blood sugar curves, variations noted when examining a number of persons, 
as well as one and the same person on different occasions, there is no simple 
way of deseribing these variations. 

The following report deseribes a method by which the intravenous blood 
sugar curve may be characterized by a single figure. The method is based on 
the fact that, although a curve is difficult to describe, it is easy to measure the 
slope of a straight line. Many curves may be considerably straightened out by 
plotting on logarithmic paper; often this is true of the intravenous blood 
sugar curve to a very surprising degree, especially in the middle part of the 
curve, where the values fall in the range of normal postabsorptive values (from 
about 200 to 100 mg. per 100 ¢.¢.). This is, probably, the most important part 
of the curve. In the higher ranges, never reached under normal conditions, it 
is possible that special mechanisms come into play (for instance, excretion of 
sugar through the kidneys). Toward the end of the curve, at values of about 
100 mg. per 100 ¢.c., we might expect various mechanisms for stabilizing the 
blood sugar at normal values to become active. In the middle range, however, 
we would observe and study the normal mechanism for removal of excess carbo- 
hydrate from the blood after ingestion of carbohydrate, and it is interesting that 


it is in this range that the logarithmie curve so often forms a straight line. 


METHOD 


The blood sugar values are plotted on semilogarithmic graph paper, and the 
part which forms an approximately straight line is noted. In questionable eases, 
where it is difficult to decide how much of the curve is approximately straight, 
the decision is not of very great importance, as long as the selected part includes 
most of the values between 200 and 100 mg. per 100 ¢.e. As will be shown 
later, including one value more or less will not greatly change the final result. 
The logarithms of the blood sugar values forming the end points of the selected 
part of the curve are then obtained, with two decimals, from a_ table or slide 
- From the Department of Pediatrics, University of Illinois College of Medicine, and the 
Child:en’s Division of Cook County Hospital, Chicago. 
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rule. The difference between these two logarithms, divided by the time elapsed 
between these two points of the curve, is an approximate measure of the slope 
of the curve. 


TABLE I 


MIN. AFTER LOG BLOOD CHANGE IN BLOOD 
wes BLOOD SUGAR 
INJECTION SUGAR 


2 280) 2.45 
19 220 
30 161 
45 124 
60 QQ 


79 10] 


i” 
GQ) YS 


Table I gives the blood sugar values obtained in Case 2 (third from the lett 
in the second row in Fig. 1). An approximately straight line is formed between 
the values 280 (first value) and 99 (fifth value). The difference between the 
logarithms of these two values is 2.45 — 2.00 0.45. The value 280 was ob- 
tained two minutes after the injection of glucose; the value 99, sixty minutes 
after the injection; the elapsed time is, therefore, 58 minutes. In this period 
of time the logarithm of the blood suear decreased 0.45. In one minute, then, 
it decreased on the average 0.00776. This value, 0.00776 per minute, is a measure- 
ment of the slope of the logarithmic curve. However, a decrease of the 
logarithm ot the blood sugar of 0.00776 per minute is the same as if the actual 
blood sugar value had been divided by 1.0181 each minute. Dividing by 1.0181 is 
the same as multiplying by 0.9823. In other words, the blood sugar at the end ot 
each minute is in this case on the average 98.23 per cent of what it was at the 
beginning of the minute, which is a decrease of about 1.77 per cent. This figure, 
1.77 per cent per minute, is the measure of the rate of decrease of sugar in the 
blood in this case. Fortunately, this rather complicated caleulation made to 
arrive at this figure is not necessary. If the slope of the logarithmic curve 
(in this case 0.00776) is multiplied by 230, we will always arrive at approx- 
imately the same result as that obtained in the above caleulation.* In this case, 
we get 1.78 per cent per minute by using this method, while the more elaborate 
calculation resulted in the value 1.77 per cent per minute. As the accuracy of 
the method justifies the inclusion of only one decimal, the difference is not im- 
portant. For practical purposes it is sufficient to say that the rate of decrease 
of blood sugar in Case 2 was 1.8 per cent per minute. 

It must be very strongly emphasized that this figure, 1.8 per cent per mir- 
ute, is not the same as 18 per cent in ten minutes, or 180 per cent in one hundred 
minutes; that is, it is not the same if percentage change is calculated, as is vsu- 
ally done, in per cent of the initial figure at the beginning of the period of 
change. If, however, the percentage change is calculated in per cent of the 
ol 
ite 


veometric mean between the initial and the final figure during the peri 
change, then it will be approximately correct to multiply per cent per mi! 


by any number of minutes. 

d r 
*This statement is based on the fact that (logey ) 1. dy 
dt dt 


) 
The multiplication by 100 is made to change a fraction into percentage; by 2.30, to 


ordinary into natural logarithms. 
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Summary of Method.—Plot the blood sugar curve on semilogarithmic paper 
(obtainable in most stationery stores). Determine which part of the curve is 
approximately straight. Obtain from a table or slide rule the logarithms (with 
two decimals) of the two figures forming the beginning and end of the straight 
part of the curve. Take the difference between these two logarithms, divide this 
difference by the number of minutes elapsed between the two blood sugar de- 
terminations, and multiply the result by 230. The figure obtained is the average 
rate of decrease of the blood sugar in per cent per minute. 


Me % 
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Fig. 1.—Intravenous blood sugar curves from approximately normal persons plotted on 
logarithmic paper. The part of the curve used for estimating the slope is marked by arrows. The 
figures indicate the slope expressed in per cent per minute decrease, 


We have made intravenous blood sugar curves on a number of patients 
With miscellaneous disorders, all children; old burns, kept in the hospital for 
grafting; patients with gonorrheal vaginitis; fractures; patients with bronchiec- 
tasis. Some of these have received a diet high in carbohydrate, others a diet 
low in carbohydrate; many were tested on both diets. We shall not give the 
data as to the composition of the diet, since the lack of a metabolism ward made 
it quite certain that the diets were only approximately followed. The diets as 
offered had a ketogenic-antiketogenic ratio of about 0.25:1 for the high earbo- 
hyvdrete diet, 2:1 for the low carbohydrate diet. All we can definitely say is that 
these ‘wo diets were very different in their carbohydrate content. 

ie technique of the intravenous test is important for the interpretation 
of the curve. It goes without saving that the amounts of sugar given should be 
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strictly standardized. In our tests we have given 0.5 Gm. of glucose per kilogram 
of body weight in a 20 per cent solution (in normal saline). The amounts o 
dextrose injected have a marked effect on the curve.’ In some eases we hav 
given smaller amounts and found that on these smaller amounts the curves tend 
to be irregular and difficult to interpret. The time used for injection should 
be made as uniform as possible by using the same size intravenous needle and 
the same pressure in every case. We have used a No. 18 intravenous needle 
and a salvarsan tube with very rapid drip at a distance of six feet from the 
floor. In this manner, the injection was usually completed in less than one min 
ute. According to Tunbridge and Allibone,’ small differences of two to four 


minutes in the time used for injection are of no importance for the result. 
RESULTS 


In Fig. 1 are plotted on logarithmic paper our 24 patients, more or less 
normal, on a high earbohydrate diet. The curves are ranged according to the 
steepness of the slope, and the figures above the curves indicate the steepness in 
terms of per cent decrease per minute. The part of each curve chosen for the 
ealeulation of the slope is indicated by the arrows. It may seem as if this 
part, in some eases, was rather arbitrarily chosen, but as has already 
been pointed out, it makes very little difference in the result of the 
ealeulation if one only adheres to the principle of (1) choosing as straight a 
part of the curve as possible, and (2) in questionable cases to include approx- 
imately the range from 200 to 100 mg. per cent. In Case 20, for instance, if 
may seem questionable whether to caleulate from the second or the third value; 
ealeulating from the second, one obtains a slope of 1.9 per cent per minute; 
ealeulating from the third, the value obtained is 1.7 per cent per minute. In 
Case 3, calculating from the second value the slope is 1.4, from the third value, 
it is 1.2 per cent per minute. Going over a number of curves in this manner 
we have found that the error of the method is, approximately, 0.2 per cent, 
as far as the calculation of the slope is concerned. It seems likely that if we 
assume a total error of twice as much, +0.2 per cent, we shall not overestimate 
the accuracy of the method. That would mean that values more than 0.4 


cent apart should be considered as showing a real difference. The total range 


of our values is from 0.9 to 3.8 per cent per minute (a difference of 2.9 
tween the highest and the lowest value), and with an error of 0.4 per cent 
would, then, be justified in recognizing seven different degrees of steepn 
This, it seems to us, is a worth-while refinement on the usual method of dé 
nating the curves as ‘‘steep,’’ ‘‘normal,’’ or ‘‘flat.’’ 

In Table II may be seen the distribution of the values for the slope of 1] 
curve (the removal rate of sugar from the blood) in patients on a high and 
a low carbohydrate diet. (Four more curves are included than in Fig. 1, 
additional four being repeated curves on cases previously tested.) The 1 
shows how on the high carbohydrate diet the most common removal rate 
between 1.5 and 1.9 per cent per minute (10 cases), while on the low «: 
hydrate diet the most common rate was between 1.0 and 1.4 per cent per | 
ute. A very interesting fact stands out: There was considerably more variation 
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between the cases on a high carbohydrate diet than between those receiving a 
low carbohydrate intake (16 cases were tested on both diets; the difference in 
variability may, therefore, hardly be aseribed to a difference in case material). 
This is all the more striking, since we feel sure that the low carbohydrate diet 
was more often broken than the high earbohydrate diet. The findings seem to 
indicate that when the carbohydrate metabolism is understimulated (low earbo- 
hydrate diet), the reaction to a sudden demand on this metabolism (intra- 
venous injection of @lucose) is very mueh the same in all persons; while there 
seems to be considerable individual variation in the response when the metabo- 
lism has previously been stimulated by a high carbohydrate intake. We may 
also conclude that if we plan to study individual variations in carbohydrate 
metabolism, it seems more likely that a high carbohydrate intake will bring out 
such variations than a low carbohydrate diet. In some persons, tested on both 
diets, the difference in response was very marked; in others the difference was 
small. The difference in response was nearly always due to differences in the 
response to the high carbohydrate diet, since the removal rate on the low car- 


bohydrate diet was very much the same in all cases. 


TABLE II 


DISTRIBUTION OF PER CENT PER MINUTE DECREASE OF BLOOD SUGAR AFTER 
INTRAVENOUS INJECTION 


NUMBER OF CASES 

CARBOHYDRATE DIET LESS THAN 
1.0 

High = | 10 

Low ] 17 7 


1.0-1.4 1.5-1.9 2.0-2.4 


TABLE ITI 


REMOVAL RATE AFTER 
» DAYS ON HIGH 
CARBOHYDRATE DIET; 

% PER MIN. AFTER 2 DAYS AFTER 9 DAYS 


REMOVAL RATE AFTER DIET CHANGED TO LOW 
CARBOHYDRATE 


14 
15 
16 
17 


iz 
ie 
i; 
i? 


Technique not quite good. 


It is, of course, a well-known fact that the preceding diet is of great im- 
portance for the outcome of the blood sugar curve. According to Tunbridge 
and \llibone,! the patient should be on the diet two weeks before the test is 
made, a condition hardly possible to fulfill in clinical practice. To judge from 
our findings, the diet is of more importance in some persons than in others. Not 
only, as mentioned above, that some persons respond very strongly to a high 
carbolivdrate diet (steep curves) while in others the response is much less 
marked; but it seems also that the maximum effect of a change in diet is ob- 
taine! sooner in some persons than in others. In Table IIIT may be seen the 
result obtained by suddenly changing the diet in four eases. In those two 
(Case 44 and Case 46) where the removal rate was about average on a high 
carbolivdrate diet, no more effect of the change was seen after five days than 
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was already present after two days. In the two remaining cases, however, th: 




















removal rate was rather rapid on the high carbohydrate diet, and in these two | 
cases the effect of this diet seemed to last longer. If the values obtained afte) é 
only two days on a low earbohydrate diet had been accepted as final, one would 
obviously, have obtained an erroneous impression as to the speed of removal on 
this diet. For this reason, we have included in our table only the eases where 
the diet had been given at least four days previous to the test. 
( 
COMMENT ( 
A simple way of measuring the intravenous curve is that used by Crawford, { 
who classifies the curve according to the time it takes after the injection for the I 
blood to reach normal levels. We are of the opinion that the intravenous blood 
sugar curve deserves a somewhat more accurate method of measuring than is 
obtained in that manner. For instance, measured according to Crawford, the 
five first curves in Fig. 1 would be all the same, while a brief look shows that the c 
fifth (Case 21) is steeper than the first (Case 3). The method also would in- 
dicate differences where, in our opinion, none exist, as for instance between the Ms 
fifth case in the first row (Case 21) and the sixth case (Case 36). The former , 
t 


(Case 21) reached the level of 100 me. in about sixty-seven minutes; the latter 





(Case 36), in about fifty-five minutes. According to our caleulation, the curves 





are about alike and the difference obtained by the other method of estimation 





is due entirely to the fact that the curve of Case 21 starts at a higher level than 





that of Case 36. Compare also the two last curves in the diagram, Cases 6 and 





10. Here again, the curves would be very different according to Crawford, but 





about the same according to our method of measuring. It seems questionable 






to us whether the absolute height to whieh thescurve rises—which plays sueh an 





important role in the method of Crawford—is not much less important than the 





steepness of the slope, which is the only characteristic measured by our method. 






In any case, the steepness should be measured; then, as a second characteristic, 






may, perhaps, be added the maximum rise. 






Ross and Tonks’ are, in our opinion, using a somewhat too complicated 






method for measuring the intravenous curves. These authors measure the sur- 





face area under the curve by means of a planimeter. In addition to this being a 





somewhat elaborate method, it also seems to us that from a mathematieal stand- 


point the differential of the blood sugar curve, which is determined by our 





method, has more meaning than the integral, determined by Ross and Tonks. 










Although the purpose of our study was to find a practical method of measur- me 
ing variations in the intravenous blood sugar curve, a facet of more theoretical pa 
interest became apparent from our data: Whenever the intravenous curve lor 
forms a straight logarithmic line, the rate at which the sugar is being removed of 
from the blood at a given moment is directly related to the amount of sugar tre 
present in the blood at that moment; being always the same percentage of the mu 
amount of sugar present. be 

Another interesting fact is that in at least ten of our curves an approx- res 
imately straight line slope changes suddenly into a horizontal line (L-shaped Se} 





eurves). This indicates that at a given level of blood sugar the remov:'! ot 








sugar from the blood suddenly stops, or, which is more probable, at a © ven 
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level sugar begins to enter the blood at the same rate as it is removed. If the 
latter is true, we would, then, have a method of calculating the rate at whiech—in 
a given individual—the sugar enters the blood at a given time: in other words, 
the rate of flow of sugar from stores and alimentary tract. For instance, if a 
curve with a slope of 2 per cent per minute suddenly becomes horizontal at the 
level of 100 mg. per cent, we might assume that this equilibrium is accomplished 
by an inflow of 2 per cent per minute, or approximately 2 me. for every 100 @.e. 
of blood. Tf sueh a person had 10 liters of blood, he would have to consume, 
on the average, 12 Gm. of sugar per hour to maintain the rate of supply of sugar 
to the blood. It may thus be seen that the assumption we have made leads to 


rather reasonable figures for daily carbohydrate intake. 


SUMMARY 


A method is deseribed by whieh the slope of the intravenous blood sugar 
curve may be calculated in a simple manner and described by a single figure. 
By using this method, it was shown that the slope of the intravenous curves 
was surprisingly constant when the patients received a low carbohydrate diet ; 
on a high carbohydrate diet the patients showed considerable individual varia- 
tions. 
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THE USE OF DIHYDROTACHYSTEROL INO PARATITYROPRIVIC 
TETANY* 


REPORT OF A CASE 
KLoyp EK. Harpinc, M.D., Los ANGELES, CALIP. 


II} occurrence of tetany following removal of the thyroid gland with 

destruction or loss of the parathyroids is unusual, owing to the improve- 
ment in surgical technique that has taken place. There are normally four 
parathyroid glands, two on each side of the thyroid, but their number and 
location vary considerably due to defects in embryologic development. Because 
of this anomaly and their small size, they are often partly removed. Hyper- 
trophy of the remaining glandular tissue usually brings about a cure in a few 
montis. In rare instances so much gland tissue has been removed that tetany 


becomes a permanent condition. The case reported here is of this type, since 


regeneration did not oceur after one and a half vears, and the treatment pre- 
sented an ideal clinical subject for observation of the effect of a new drug. 


‘rom the Department of Medicine, Ross-Loos Medical Group, Los Angeles, 
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Dihyvdrotachysterol is made from tachysterol, a by-product of the irrad 
tion of ergosterol with ultraviolet Heht. It will raise the blood ealeium to ni 

mal or even above normal when given by mouth, and for this reason, has an 
advantage over parathyroid extraet, whieh is given hypodermically. The effect 


of parathyroid extract is of short duration, not over forty-eight hours. When 


dihydrotachysterol is used, the blood calcium does not begin to rise until after 


forty-eight hours, reaches a maximum in about one week, and decreases in one 


to three weeks after its use is discontinued. When too mueh dihydrotachyst« rol 
is used, the patient complains of asthenia, nausea, vomiting, headache, stupor, 
thirst, or skin rash. The method of management of a patient under this treat- 
ment, with frequent check on the blood chemistry or urine, is deseribed. }y 
Albrieht.2. The urine test can easily he performed I\ the patient at home. 
Sulkowitch reagent is added to urine, and the observation of a fine, white pre- 
cipitate with a normal excretion of calcium is indicative of a normal blood eal- 
cium. If the solution remains clear, hypocaleemia is present. In hyperealeemia 
the solution becomes milky with increased output of caleium. 

Hypoparathyroidism causes low blood calcium, high blood phosphorus, 
decreased excretion of calcium in the urine, and positive ealeium balanee (less 
excretion than intake). What becomes of the calcium that is ingested is a mys 
tery, since density of the bones is not evident on radiologic examination. It has 
heen suggested that the caleium is deposited in the tissues. As the blood eal- 
cium goes down, the phosphorus goes up, and vice versa, so that it is necessary 
to decrease the blood phosphorus by a diet low in phosphorus in order to faecili- 
tate raising the ealeium. While dihyvdrotachysterol raises the blood calcium 
it does not mobilize the ecaleium in the blood by removing it from the bones, as 
is the case when parathyroid extract is used. Dihvdrotachysterol will not  pre- 
vent or cure rickets as irradiated ergosterol does, so that the latter is necessary 
to improve bone quality. It is better, therefore, to combine vitamin D, ealcium, 
and dihydrotachysterol in the treatment of parathyroprivic tetany. 

The dosage of dihvdrotachysterol is not well established. It varies with 
the amount of the gland removed and the degree of regeneration. Tf all para- 


thyroid tissue has been removed, the dosage is more constant. Adams! reported 
a case of short duration following subtotal thyroidectomy in whieh the p: tient 
Was symptom tree on 1 «ec. twiee a week. Newman reported a case of para- 
thyroprivie disease with tetany of seven vears’ duration in whieh 1 ¢.c. of 
dihydrotachysterol daily was necessary in spite of the fact that the blood cal- 
cium ranged from 8 me. to 12.6 me. for each 100 ¢.e. of blood before treatment. 
The use of the drug in idiopathic tetany® * and scleroderma’ is somewhat dit- 
ferent from that following accidental removal of the parathyroids. 

The case presented here is unusual and interesting for the following rea- 
sons: (1) absence of parathyroid tissue and the appearance of tetany any time 
treatment is discontinued; (2) dosage of dihydrotachysterol; (3) persistence 
of considerable laryngeal stridor even with a blood caleium of 9 mg.; (4) tur 
ther improvement of laryngeal stridor with thyroid extract; (5) deealeification 


of jawbone; and (6) injury to the recurrent laryngeal nerve. 
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REPORT OF CASE 


The patient, a schoolteacher, aged 46 years, was referred for treatment on August 26, 
1939. She complained of cramps in her arms and hands. During the spasms she could not 
straighten out her hands and fingers. There was extreme weakness with the attacks which 
were relieved only by an injection of parathyroid extract about every other day. She talked 
mainly in a whisper, but occasionally made rather high-pitched noises. Nervousness and 
irritability were pronounced. Her ankles were slightly swollen. 

She gave a history of thyroidectomy in July, 1928. In June, 1959, a large adenoma 
was removed from the region of the right upper part of the thyroid, in whieh was imbedded 
the right upper parathyroid, The tetany first appeared following the latter operation. Other 
operations included tonsillectomy, appendectomy, uterine suspension, and a few dental 
extractions, 

She stated that the goiter had originally appeared during puberty. Following thyroid 


ectomy she felt well until 1932, when she had a nervous breakdown. The history from 1932 


to 1939 was supplied by several doctors who had treated her during that period. The fol 


lowing basal metabolism readings were recorded during these years: 1952, +31, +24, 


+28, +30; 1933, +26, +26; 1934, +25; 1935, +14, +44, +85; 1956, +51, +89; 1937, +19, 


94 4198: 38, $50; and 1939, 435, 444. The Wassermann test, urinalysis, and blood count 
were normal in 1934. A small mass became evident in the region of the upper half of the 
right lobe of the thyroid, and continued to increase in size. The patient presented symp 
toms of exhaustion, nervousness, pounding of the heart, protrusion of the eyeballs, loss of 
weight, and slight tremor of the fingers, Hler pulse rate varied from 100 to 140; her blood 
pressure was 130 systolic and 75 diastolic. The menstruation was regular every twenty 
eight days. The diagnosis was made of chronie nervous exhaustion, with adenoma of the 
right lobe of the thyroid and mild hyperthyroidism. Removal of the adenoma was advised 
by several doctors, but the patient preferred medical treatment and was given Lugol’s solu 
tion, sedatives, and other treatment at various times until she submitted to removal of the 
adenoma, 

Physical examination on the first visit here was essentially normal. The sear on the 
neck was slightly tender. The pulse rate was S4. Medication for each day consisted of one 
vitamin ABDG capsule, 6 tablets of calcium gluconate of 15 grains each, 6 tablets of desice 
cated parathyroid of 0.1 grain each, and 60,000 U.S.P. units of irradiated ergosterol. She 
was receiving parathyroid injections about every other day. 

In September, 1959, dihydrotachysterol, 1 ¢.c. every three days, was added to the treat- 
ment and later increased to 1 ¢.c, daily, since the blood calcium was still °7.5 mg. for each 
100 cc. of blood. The patient was started on a high-calcium, low-phosphorus diet. The 
parathyroid injections were decreased to two a week and later to one a week. She began 
feeling stronger and gaining weight and was advised to start walking for exercise. Her 
basal metabolism was +12, her urinalysis was negative, and her blood pressure was SS sys 
tolic and 60 diastolic. 

in October she was much better, and showed some improvement in the voice and no 
swelling of the ankles. Since she was markedly nervous it was still necessary for her to rest 


all the time. With exercise the muscles between the shoulders would cramp, but there was 
no definite tetany; she had discontinued the parathyroid injections and tablets, as well as 


the irradiated ergosterol. At night during sleep she made sounds resembling snoring that 
kept her husband awake. One-half grain of phenobarbital at bedtime was prescribed. Her 


blood vressure was 9S systolic and 6S diastolie, her blood ecaleium was 9 


me., and her basal 
metal 


ism rate averaged —9. 
November and December she showed general improvement, but as her voice improved 
the breathing noises at night increased. She tried reducing the dihydrotachysterol from 15 


minims to 10 minims daily, but her condition became worse and she had to resume taking 


l ee. daily. 
fine, wit : 
Her |} 

4or 


Daily urine tests with the Sulkowitch reagent were started, and there was a 
e precipitate most of the time, although occasionally the urine was clear or milky. 


d calcium was 8 mg., her basal metabolic rates were —10 and —25: red blood cells 
0 | ae : : : ; : a 
000, hemoglobin 74 per cent, and the urinalysis negative. Her weight increased to 147 
pounds 


darke) 


rhe hair on her legs, head, and eyebrows, which had turned white, began to get 
One-fourth grain of thyroid was added to the treatment. 
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In Januarv and February, 1940, she showed general sluggishness, with some cramps 









the legs and some shortness of breath. Her blood pressure Was 100 s\ stolie and 6S diasto 0 
her blood calcium was 8.5 mg., her pulse rate was 70 to S6, she weighed 154% pounds. ‘I ( 
urinalysis was negative. The thyroid extract was increased to 0.5 grain daily, She discon k 
tinued taking vitamin ID. By March her voice had improved considerably, It was felt that 4 
the recurrent laryngeal nerve had regenerated, but there was now a loud crowing noise on 





inspiration and shortness of breath on climbing stairs. She stopped taking the thyroid 





extract, since she thought that she felt better without it. An electrocardiogram showed 





marked myocardial damage. Urinalysis was normal. She was advised to continue resting 





and to eat more fruits and vegetables and less of fattening foods. A posteard arrived in 






April, 1940, stating that she had stopped the dihydrotachysterol for ten days, but had a 





bad attack of tetany and had to take an injection of parathyroid, She had severe cramps, 






and eould not straighten out her hands. The dihydrotachysterol was resumed. 






The patient was not heard from again until July. The drops had been discontinued 





for three weeks. The tetany with carpopedal spasm had reappeared, and she had difficulty 









in breathing with loud tracheal stridor. A few injections of parathyroid helped to relieve 
the cramps, but there was considerable weakness and nervousness, She was placed in the S 
hospital where she remained for two weeks. She made an uneventful recovery on 1 ¢.c. of } 
dihydrotachysterol daily. Examinations by a surgeon, otolaryngologist, and neurologist ' 





were all essentially normal. The vocal cords were functioning normally, and all agreed with 





the diagnosis of tetany and laryngeal stridor due to parathyroprivia. The eyes were tested 





and glasses were fitted to correct a slight visual disturbance, 





On the day the dihydrotachysterol was resumed, the blood calcium was 5.5 mg.; a few 


days later it was 7.2 mg., with 6.5 mg. of phosphorus. The hemoglobin was 69 per cent, red 












blood cells 4,380,000, color index 0.8, white blood cells 9,000, platelets and differential cells ‘ 
normal. The temperature ranged between 97.4° and 99° F., usually slightly subnormal. In . 
August the calcium tablets were discontinued, and two teaspoonfuls of powdered calcium 0 
gluconate, three times daily, were given in their place. Marked laryngospasm and_ tracheal iI 
stridor continued in spite of this, although both symptoms improved to some extent. The e 
urine tested with Sulkowitch reagent was always milky. Dental x-ray examination showed { 
some deealeification of the qa whones, A roentgenogram of the spine showed no. general | 

S 






decalcification. The blood pressure was 110 systolie and 72 diastolic. The basal metabolic 







rate was —27. 











In September the patient was much better; she looked rested and felt stronger, but 
















she still had dyspnea with loud inspiration noises. When she was asleep, her breathing t 

could be heard all over the house. Menstruation was still regular every month. Foods con 

taining phosphorus were eliminated from the diet. Irradiated ergosterol, 3,500 U.S.P. units, 

was given after each meal. Blood calcium was 8.5 mg. At the beginning of the second 

week in September, 1 grain of desiccated thyroid was given daily. Blood ealeium was 7 mg., » 

and blood phosphorus was 4.1 mg. The pulse rate was S80, and the blood pressure was 100 

systolic and 72 diastolic. 3 
On Monday, September 16, 1940, the patient was feeling much better and started to nl 

work. By September 20 she was feeling stronger, although she had finished one week of 

work. She was breathing easier and with much less noise. Her pulse rate was 80. On z 

September 27 she was feeling very well; she had no dyspnea and no stridor at all when 

sitting, and only slight musical noise on inspiration during exercise. At the end of the 6 





second week of work she felt she had sueceeded in her effort to get back on the job his 


= 






was the first time she had worked since June, 1939. During October she still continued in 






relatively good health. ‘Her blood calcium was 8.3 mg. and her blood phosphorus was 5.) mg. 






DISCUSSION 










eult 





In the case just presented, the laryngeal stridor was the most di 


symptom to overcome. It was necessary to give intensive treatment with a 






combination of drugs and diet to improve the calcium metabolism befor: i- 





provement occurred. The dihydrotachysterol relieved the irritability and spasm! 
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of the muscles, and the thyroid improved the musele tone and use. These two 
drugs were the most useful in the treatment of the case. It was necessary to 
keep a close check on the diet. The dosage of all medication essential to ereate 
and to maintain a state of good health was larger than expected. The treat- 
ment was expensive, since the monthly allowance of 30 ¢.¢. of dinydrotachysterol 
plus the other drugs averaged about $20.00. 

A milky urine when tested with Sulkowitch reagent did not mean that 
hyperealeemia was present. When larger doses of calcium were given by mouth 
to this patient, the urine test was always milky, although the blood ealeium was 
only 8 or 9 me. for each 100 ¢.¢. of blood. The patient is going to try to take 
less of the ealeium gluconate with the same amount of the other drugs since she is 
probably taking more caleium than is necessary for maximum improvement. 
Of course, there is no danger of a high blood ealeium if the urine is clear or 
slightly cloudy. The test is of diagnostie value before treatment, and it can 
be used during treatment if smaller amounts of caleium are given. When the 
urine test is milky, a blood test is necessary to determine the exact level of the 
blood ealeium. 

SUMMARY 


The treatment of a case of parathyroprivie tetany with injury to the reeur- 
rent larvngeal nerve is presented. The recurrent laryngeal nerve regenerated 
in a few months, but the deficiency in parathyroid hormone continued after 
one and one-half vears. Maximum improvement was brought about only after 
intensive treatment with a low phosphorus diet, calcium gluconate, irradiated 
ergosterol, dihyvdrotachysterol, and thyroid extract. Dihydrotachysterol raised 


the blood ealeium, prevented the tetany, and partially decreased the laryngeal 


stridor. The thyroid extract raised the basal metabolism and further improved 
the laryngeal stridor. The minimum dosage of dihydrotachysterol was 1 c¢.c. 
daily. There was decalcification of the jawbones, but no general decaleifica- 
tion of the skeleton. 
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THE COMPARATIVE PHYSIOLOGIC VALUE OF INJECTED 
CAROTENE AND VITAMIN A®* 


JANE G. LEASE, Pu.D., E. J. Lease, Po.D., H. Steensock, Pu.D., AND 
C. A. BAUMANN, PuH.D., Mapison, Wis. 


ANY workers have observed that carotene or vitamin A may be biologically 

active when injected into experimental animals (Wollman and Vogliano ; 
Koehne and Mendel ;? Wolff, Overhoff, and van Eekelen;? von Euler and 
Ryvdbom ;* Rydbom; Gordon and Titherineton;’ Chu and Coady ;? Laseh > 
(ireaves and Sehmidt :°°'° Guilbert and Hart :'! Wilson, Ahmad, and Majum- 
dar ;'* Phillips and Bohstedt™). Parenteral carotene and vitamin A’ have also 
heen reported to be effective in human therapeutics (Blegvad;'* Edmund; 
Bloch; ?* Buschke ;"* Josephson and Freiberger’” ). However, there is. also 
abundant evidence that injected vitamin A is not always efficiently utilized. 
Funk?’ stated that vitamin A given parenterally was without any activity. 


Wollman and Vogliano' observed that repeated injections of cod-liver oil 


or 
butter oil were not tolerated well, since no growth resulted until after in jee- 
tions were stopped. 

Koehne and Mendel? observed only temporary remission of deficiency 
symptoms with the accumulation of much foreign fat at the site of imyection 
when butter oil or cod-liver oil were injected into depleted rats. Von Kuler 
and Rydbom* found that 0.050 me. of carotene injected daily was inadequate 
for growth in depleted rats, although much smaller amounts given orally were 
known to restore growth. Chu and Coady? also reported better results 
carotene given orally than with that given parenterally. Drummond and 
workers?!** failed to find any storage of vitamin A in the livers of rats and ca 
when carotene, emulsified in elucose solution, was injected intravenously. 
one experiment with rabbits, however, some vitamin A was stored. This 1 
tive inertness of parenteral carotene has also been observed by Ahmad, Gri 
and Malik®® in their work with rats and dogs. 

Furthermore, preliminary experiments of our own indieated that in) 


earotene was not converted into vitamin A efficiently. Rats with stores o 


blue units per liver were fed a fat-free diet, and then given intraperit 


injections of large amounts of an aqueous suspension of colloidal caroten: 
vitamin A could be detected in the livers after five weeks, although much 
tene was found at the site of injection, adherent to the liver. 
Parenteral administration of vitamin A sometimes appears to be ind 
in human therapy (Blegvad ;* Bloch ;" '? Gordon and Titherington ;° Edi 
; *Published with the approval of the director of the Wisconsin Agricultural Ex 


Station, Madison. 
Received for publication, December 4, 1940. 
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and Clemesen °° Finkelstone, Tloward, and = Paris;°* Deceourt °° Busehke ;'> 
Josephson and Freiberger'™). Tlowever, experimental data on the relative ef- 
ficiencies of the various means of administration are lacking even with animals. 
We have, therefore, carried out experiments with rats, using several biological 
eriteria, such as cure of ophthalmia, duration of eure, and growth and survival 


time, together with data on the carotene and vitamin A content of the tissues. 
METHODS 


Rats 5 weeks old and 35 to 50 Gm. in weieht were fed a basal ration com- 
posed of casein (heated at 95° C. for fourteen days) 18 per cent, Osborne 


’ 


and Mendel salt mixture (as modified by Hawk and Oser?’) 4+ per cent, brew- 
er’s veast 7.9 per cent, irradiated brewer's veast O.1 per cent, hydrogenated 
fat®* 10 per cent, and sucrose 60) per cent. Food and water were given ad 
libitum throughout both the preliminary and experimental periods. Supple- 
ments of carotene or vitamin A were administered when the animals showed a 
loss in weight and the initial stages of ophthalmia. The supplements were 
given in the form of colloidal water suspensions or as oil solutions. Both were 
fed as well as injected. The amounts given ranged from 75 to 1,500 ne. The 
volumes of the doses did not exceed 0.25 ¢.e. for the oil solutions, and 1 ¢.e. for 
the colloidal suspensions. A detailed account of the various doses administered 
is given in the tables of results. In the evaluation of the biological response 
primary emphasis was placed upon the cure of ophthalmia because of the possi- 
bility that repeated injections might interfere with growth.’ At the end of the 
experimental period the animals were killed and the tissues were analyzed for 
carotene and vitamin A, 

The aqueous colloidal SUSPeNSIONS of carotene were prepared by slowly 
adding carotene in acetone solution to hot (90° C.) water agitated with a stream 
of nitrogen. The preparations were made fresh every three days and filtered to 
remove visible particles. A similar procedure was used for the preparation of 
aqueous Colloidal solutions of vitamin A. The source of vitamin A was halibut- 
liver oil.t Its unsaponifiable matter was dissolved in methyl alcohol, chilled to 

10° (., and filtered. The filtrate was dried under nitrogen and reduced pres- 
sure, then dissolved in acetone, and slowly added to hot (90° C.) water agitated 
with nitrogen. 

Mor its quantitative determination the carotene was taken up in chloroform, 
and the intensity of absorption was measured at 485 and 460 my in a Bausch 
& Lomb speetrophotometer. Animal tissues were first dissolved in & per cent 
potassium hydroxide at room temperature overnight, and then 2 volumes of water 
with sifficient aleohol to make a concentration of 15 per cent aleohol were added. 


The carotene was extracted with peroxide-free ether, the extracts were washed 


With water and evaporated in vacuo, and the residue was dissolved in chloroform. 

\ similar procedure was employed in the preparation of extracts suitable 
for the determination of vitamin A by the colorimetrie method of Carr and 
Pric 


i mixture of partially hydrogenated vegetable fats marketed under the trade name 
Spry 
» halibut-liver oil was a commercial brand known as Haliver Oil, furnished by the 


Abbott iboratories. 
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(a) Physiologic Requirements.—When aqueous colloidal carotene was. in- 


\ 


Jected in amounts equivalent to 375, 750, or 1,500 pe per rat per week, ophthal- 
mia was cured and growth was restored (Table 1). Growth was equally good 
with injections of 750 or 1,500 ne a week, with an approximate gain of 60 Gm. 
in weight in five weeks. This was also the rate of growth observed when 75 xe 
of colloidal carotene were given weekly by stomach tube or when 7 pe of carotene 
were fed in oil solution by dropper. Thus, the amount of carotene necessary to 
produce a given biological response may vary by over a hundredfold, depending 
upon the mode of administration. Lesser amounts of earotene produced lesser 
gains in weight, e.g., the intraperitoneal injection of 375 pe of colloidal earotene 
per week resulted in a gain of only 37 Gm. in five weeks, whereas 75 pe per 
week failed to restore growth, to cure ophthalmia, or to maintain life. At our 
levels of administration (Table 1) no difference in the response of animals in- 
jected subeutaneously or intraperitoneally was noted. Furthermore, carotene 
injected in oil appeared to be as effective as colloidal carotene. The presence of 5 
per cent of glucose in the suspension of colloidal carotene failed to affect the 
results In any way. 


TABLE I] 











EFFECT OF CAROTENE ADMINISTERED IN) Vartous Ways 








AVER AGI 





LEVEL OF 











CAROTENI eaiiaiiay ian GAIN IN | AVERAGE CAROTEN] AVERAGE CAROTEN 
GIVEN MEDIUM WEIGHT IN LIVER A‘ \T SITE O} 
ADMINISTRATION ss 

(ug AT oO WK. DEATH (eg) INJECTION (ug 

WK. ) GM. 

1500 |Water a) Parenteral 6? 265 (211 to 507)11.807 (1.605 to 1,990 

Intraperitoneal | 

1,500 Water Subcutaneous 63 106 14 to 153)11.860 (1.560 to 2,22 
750 Water Intraperitoneal D7 1185 (112 to 246)] 750 ( 585 to 1,030 
7Ta0 Water Subcutaneous 62 129 (118 to 141)}] 543 ( 480 to a 
750 Water Intraperitoneal 69 184 126 to 274) 619 576 to 58 

(glucose ) | 
790 |Oil Intraperitoneal 67 1 ( 21 to 87) |1,766 (1,185 to 2,140 
379 Water Intraperitoneal oy 14 ( 6 to 90)] 1 | 15 to 75 
75 Water Intraperitoneal) All dead 5 (trace to 15) 4 | » to S 
iD Oil Intraperitoneal All dead S (trace to 11 13 ( 115 to 4) 
790 | Water b) Oral 9] — 
Stomach tube 
7) = |Water Stomach tube 58 
7 Oil Dropper 60 


*At least 3 animals were used at each level. 
fSome carotene was also found in the mesentery and omentum. 


The potency of colloidal carotene given orally was demonstrated not only 
by the amount of growth elicited, but also by the faet that 750 pe giver eaeh 
week for five weeks resulted in the hepatic storage of 567 blue units of vitamin 
A. By way of contrast the injection of 1,500 peg of colloidal carotene failed t 
vield any stores of vitamin A. Carotene injected in oil likewise failed to produce 
stores of vitamin A. 

Injected carotene, however, accumulated in large amounts in tissues other 
than the liver. Both the amount and the location of these deposits depended por 
the method of administration. After intraperitoneal injection, caroten was 
found in the omentum, mesentery, lymph nodes, and in the abdominal fi.’ and 
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membranes surrounding the liver. After subeutaneous injection, carotene was 
found in similar areas and also at the site of injection (Table I). Oil solutions 
of carotene given intraperitoneally remained in the abdominal cavity for a 
considerable period of time, and much less earotene migrated to the liver than 
after the injection of the colloidal preparation (Table [). Apparently carotene 
was treated in part asa foreign substance because voung rats Injected with India 


ink showed a distribution of carbon particles similar to that of carotene. The 


presence of carotene at the site of injection has been reported previously (van 


den Bergh, Muller, and Broekmeyver 3°! Rvdbom ;° Rea and Drummond ;7! Wilson, 
Ahmad, and Majumdar"). 
TABLE I] 
AVAILABILITY OF CAROTENE DEPOSITS FORMED BY PARENTERAL ADMINISTRATION 


DAYS TO DAYS TO 
METHOD OF REAPPEAR MAXIMUM DAYS OF 
ADMINISTRATION ANCE OF INCREASE IN SURVIVAL 
OPHTITALMIA WEIGII 


rOTAL 
CAROTENE MEDIA 
GIVEN (eo) 


Porenteral? 
5 days) Water Intraperitoneal 30 as 39+ 
e to 63 
5 days) Water Subcutaneous re y ott 
to 54) 
5 days) Oil Intraperitoneal 7 : 39 
; ( te. 58) 
Water Intraperitoneal 16 
| ; to 26) 
Oral 
5 days) Water Stomach tube 5 90 
to 110) 
5 days ) Oil Dropper ys 30 


Parenteral 


f carotene Water Intraperitoneal 21 


week 5 to 23) 
of carotene Water Intraperitoneal 20 
week to 28) 
Oral pinky 
f carotene Water Stomach tube 29 
week (24 to 34) (26 to 64) 


\t least 4 rats were used at each level. 
ome rats were killed when losing weight and showing severe ophthalmia, others died. 
wo rats died without relapse of symptoms. 
§$fwo rats showed no remission of ophthalmia: another died without relapse of symptoms. 
ne rat died without relapse of symptoms. 


Availability of Carotene Deposits —The presence of large deposits of 
inject ‘arotene raised the question of their availability. Accordingly, rats 
were civen large injections of carotene and were then continued on the basal 
ration with observations on growth, cure of ophthalmia, reappearance of ophthal- 
mia, ad time of death. Details of dosage, mode of administration, and results 
are given in Table II. The liver and various other tissues were analyzed for 
carote 

mals that were given 5 injections totaling 1,250 pe of carotene grew 
for a short time, and their ophthalmia disappeared (Table IL), but within a 
month ophthalmia reappeared with loss of weight until death supervened. In 
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all cases unutilized carotene was found in the livers and at the site of injection 
(Table 111). Animals injected with only 250 pe of carotene were variable in 
therapeutic response, but deposits of carotene were invariably found at deat 
No essential difference in result was obtained when carotene was injected in 
solution or in colloidal suspension. 

TABLE IT] 


CAROTENE FOUND IN RATS AFTER INJECTION OF 1,250 GAMMA OF CAROTENE OVER 
FIVE-DAY PERIOD* 


TIME AFTER 
METHOD OF MEDIA LAST TOTAL CAROTENE CAROTENE AT SI 
ED 
ADMINISTRATION INJECTION IN LIVER (“Lg OF INJECTION 


(DAYS ) 


Intraperitoneal W: , 35 147 
10 to 72 (104 to 183 


Intraperitoneal W: 99 
1 to 92) 
Subcutaneous W: - ; 1] 
S to 15 
Subcutaneous W: 3044 } 


(traces te IS ) 


Intraperitoneal Oil 30+ 16 
(traces Té +2 ) 
*Kach value is an average of 3 or more rats. 
fAnimals had died of vitamin A deficiency. 


To determine whether large deposits of injected carotene were more effective 
biologically than small deposits, we used animals whieh had been injected with 


dt) or 790 we of carotene weekly for five weeks. Carotene deposits averaged 


} 


935 pe in the latter (Table I) as compared with 182 pg¢ in animals injected 


only over the five-day period (Table II]). Nevertheless, the behavior of the 


two groups of animals was essentially the same when they were continued 
on the basal low vitamin A diet. The restoration of growth and the cure ot 
ophthalmia were temporary, and death occurred in an average of thirty-three 
days in both groups. Apparently the accumulated carotene was practically 
unavailable. No carotene was found in the urine or feces after its injection. 


PARENTERAL ADMINISTRATION OF VITAMIN A 


In view of the inefficient utilization of injected carotene, parallel expert 
ments were performed with vitamin A. 

(a) Physiologic Requirements.—Vitamin A was injected as an aqueous 
colloidal suspension or as a solution of halibut-liver oil in cottonseed oil. Seven 
hundred and fifty blue units injected weekly or ted by stomach tube restored 
growth, cured ophthalmia, and produced hepatie stores (Table IV). The results 
were essentially the same whether the colloidal vitamin was injected sub- 
cutaneously or intraperitoneally, or fed by stomach tube. When the vitamin 
was injected in oil solution, however, somewhat better growth resulted than 
when the colloidal vitamin was injected. 

A general consideration of all the results obtained indicated. th: 
efficiency of injected vitamin A was approximately equal to that of vital 
viven orally, as judged by the criteria of growth, cure of ophthalmia, and | 


storage. At lower levels of administration, 30 and 75 blue units per week, thi 
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biological response depended to some extent on the vehicle in which the vitamin 
Was administered and also On the method of administration. Aqueous eolloidal 
vitamin A was more effective when injected than when given orally (Table TV) ; 


oil solutions, on the contrary, were more effective when given by mouth. 


TABLE IV 


EFFECT OF VITAMIN A ADMINISTERED IN Various Ways 


= AVERAGE GAIN IN AVERAGE 
MEDIA pascaiainttita WEIGHT AT 5 WEEKS HEPATI 
ADMINISTRATION 
(GM. STORES (B.U. ) 
(a) Parenteralt 

Water Intraperitoneal 59 

Water Subcutaneous 70 

Oil Intraperitoneal 115 

Water Intraperitoneal 52 

Water Intraperitoneal : (1 dead) 

Oil Intraperitoneal 2 dead ) 

Oral 

750 Wate Stomach tube 6O7$ 
75 Water Stomach tube 2 (2 dead) 
30 Water Stomach tube 2 dead ) 
30 Oil Dropper 63 
B.U. Blue unit. 
*The vitamin A was administered three times weekly for a five-week period, 
‘Rach value is an average of 4 or more rats. 
Some vitamin A and oil from the abdominal cavity were unavoidably included. 
§$One rat responded poorly throughout the experimental period, 


The foregoing results may be rationalized on two assumptions: — first, that 
colloidal vitamin A is relatively unstable to the aeids of the digestive tract ; 
and secondly, that the vitamin is more readily mobilized from the injected 
aqueous suspension than from an injected oil solution. The colloidal vitamin A 
was presumably present as the alcohol as a result of previously saponifying the 
halibut-liver oil, which contains the vitamin in the form of esters (Hiekman®* **), 
This fact may be noteworthy beeause vitamin A alcohol and ester are reported 
to have unequal biological activities when given by mouth (Moll and Reid**). 
It is of interest that Gordon and Titherington® observed that vitamin A was 
somewhat more effective on parenteral administration than when given orally, 
Whereas Greaves and Schmidt!’ reached the opposite conclusion. 

In contrast with carotene, most of the injeeted vitamin A accumulated in 
the liver rather than at the site of injection. For example, when 750 blue units 
of colloidal vitamin A were injeeted intraperitoneally and weekly for five weeks, 
105 to 140 units remained in the peritoneal cavity, and 386 units appeared in 


the liver. On subeutaneous injection 20 blue units remained at the site of injee- 


tion, and 358 units appeared in the liver. Injeeted oil solutions, however, per- 


sisted at the site of injection or in the abdominal cavity. Lipoidal masses con- 
tainine 1,125 to 1,797 blue units were found adhering to the liver, although 
the liver tissue contained relatively little (Table IV). 

Availability of Vitamin A Deposits.—The question remained whether 
Stores of vitamin A produced by injeetion could be utilized readily, or whether, 
ected carotene, they were inert. Deficient rats, therefore, were given large 
injections of vitamin A and then continued on the basal diet. Notations were 
made the reappearance of ophthalmia and the time of survival (Table V). 


like il 
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Two hundred and fifty blue units of colloidal vitamin A administered in 
one dose were insufficient to produce hepatie stores, although ophthalmia was 
cured and growth was promoted for a short time; following this, ophthalmia 
reappeared, growth failed, and death resulted. The response was essentially the 
same whether the colloid was given subcutaneously, intraperitoneally, or orally. 
However, a better response Was obtained with Injections in oil (Table V). \ 
total ot 1.250 blue units ot colloidal vitamin produced the following’ hepatic 
stores over a five-day period: 142 blue units after intraperitoneal injection, 121 


units after subeutaneous injection, and 149 units when fed by stomach tube 


TABLE \ 
AVAILABILITY VITAMIN A STORES OF RATS 


TOTAT AVERAGE DAYS TO SURVIVAL 
‘ METILOD OF 

VITAMIN A MEDIA REAPPEARANCE Ot PERIOD 
5 ADMINISTRATION 

GIVEN (B.U. OPIETIEALMIA (DAYS ) 


Parenteral 
in 5 days Water Intraperitoneal | 7 > to 81) (63 to 10S 
in 5 days) Water Subcutaneous ) to 9% to Ts 
( injection Water Intraperitoneal y (15 to 3 o> 00 Ta 
injection Water Subcutaneous 3 (32 to 39 (15 to 6 
Injection Oil Intraperitoneal (31 to 63 2 (39 to 
Oral 
) doses Water Stomach tube Bot to f ‘ to 79 
(1 dose Water Stomach tube P48 os te 1 36 to 62 


*Each value is an average of 4 or more rats. 
One animal died without relapse of symptoms 
tTwo animals died without relapse of symptoms 


$One animal showed no remission of ophthalmia. 


Despite the similarity in the stores produced, the vitamin appeared to be more 
effective physiologically when injected than when given orally ; injected animals 
lived for eighty-eight days as compared with seventy-one days for those given 
the vitamin orally (Table V). Ophthalmia was deferred for seventy-two days 
in the injected animals as compared with fifty-three for the latter. At death 
no stores of vitamin A were found either in the liver or at the site of injection. 
Vitamin A administered parenterally, therefore, was apparently utilized at least 


as efficiently as when given orally. 
SUMMARY 


Rats deficient in vitamin A were injected intraperitoneally or subeutaneously 
with carotene in aqueous colloidal suspensions or in oil solution. Growth was 
restored and symptoms of ophthalmia were cured, but the amount needed was 
ten to one hundred times as great, and the effeet was less prolonged than 


carotene was given orally. Parenteral carotene failed to yield stores of |i 


vitamin A even when 1.5 mg. were injected weekly for five weeks. P: 


of injected carotene were found at the sites of injection, and also in thi 
omentum, and lymph nodes in the peritoneal cavity. Carotene in thes 
was only partially available to the animal, since deficiency symptom 
death occurred while considerable amounts of carotene were still in es 

Mueh of the injected earotene could not be traced; it was not co! 
into vitamin A nor was it found in the exereta. 
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Vitamin A, in contrast to carotene, was utilized about as effectively when 


injected as when given orally. Aqueous colloidal preparations were utilized 


hest when injected: oil solutions were utilized best when given orally. 


We wish to express our appreciation to Lever Brothers Company whose financial support 
de this work possible. 
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THE INFLUENCE OF A PAROTID EXTRACT ON TILE BLOOD SUG 
AND STRUCTURE OF THE PANCREAS OF THE RAT* 


WILLIAM B. BIRNKRANT, M.S., M.D., New York. N. Y. 
ASSISTED BY REBECCA SHAPIRO, M.S. 


HE role of the parotid gland in carbohydrate metabolism has been the sub 
ject of controversy. Blood sugar-raising substances have been obtained 
from the parotid gland by Hiki and co-workers.' Takaes,? however, reported 


; 


hypoglycemias following the injection of ether and aleohol extracts of this 
gland. Birnkrant* demonstrated marked hypoglycemias in rats following total 
bilateral parotidectomies. Cahane and Cahanet deseribed hypertrophy and 
hyperplasia of the islands of Langerhans following bilateral parotidectomies 
on two dogs. Aunap,’ Dobrzaniecki, and Michalowski,” reported diminution 
ot hyperglycemias following parotidectomies in depanereatized dogs. Zibordi 
and Scollo* have also Gemonstrated a relationship between the pancreas and 
the parotid gland in their experimental animal work. 

There also has been some elinical evidence to support a parotid-pancreas 
relationship. Of Flaum’s’ 27 patients with bilateral hypertrophy of the parotid 
gland, 16 had frank diabetes and 11 had incipient diabetes. He considers every 
patient presenting noninflammatory enlargements of the parotid @land a 


diabetic unless proved otherwise. Kenawy'® found approximately 2) per cent 
of the poorer agriculture classes in Keypt suffering from a ehronie, painless, 
noninfectious, noninflammatory enlargement of the parotid eland. Ten per 


cent of the cases he studied were diabeties. All presented bilateral swellings. 


30th Ferretti! and Dobreff!? stated that hypertrophy of the parotid glands 


is a result of a compensatory mechanism, i.e., the parotid glands take on 
function of the pancreas in some instances of hypoinsulinism. On the « 
hand, the Cahanes, and Dobrzaniecki and Michalowski interpreted thei 

ings on the basis of an anti-insulin parotid hormone. 

Although the work of these authors indieates a carbohydrate-regul: 
mechanism related to the parotid gland, apparently conflicting reports an 
posing interpretations have made difficult a proper evaluation of this mecha 

The present study was, therefore, undertaken to determine the effe: 
parotid extracts on tissues and on blood sugar levels. Blood-sugat raising 


*From the Laboratories of the Delamar Institute of Public Health, Columbia Un 
teceived for publication, December 4, 1940. 
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stances have been prepared from the urine of diabetic patients by Wereh and 
Altshuler,’ and by Harrow and associates.'' In order to determine whether a 
relationship exists between these blood-sugar raising substances isolated from 


the urine of diabetic patients and the parotid extraets used by the earlier work- 


ers, a parotid extract was prepared by modifying the method of Harrow and 


others in order to make it suitable for tissue work. 
‘XPERIMENTAL TECHNIQUES 


A) Preparation of E.rtract.—To 1,250 Gm, of fresh eround beeves’ parotid 
eland from whieh the fat and faseia had been removed, 2,250 ¢.¢. of distilled 
water were added. The mixture was digested for twelve hours at 10° C. in 
three-eighths its volume of 0.2. N > sodium hydroxide, then filtered and centri- 
fuged. The supernatant fluid was acidified to pH 5 with glacial acetie acid. 
Sixty cubie centimeters of 95 per cent alcohol, containing 30 Gm. of benzoie 
acid, were added for each liter of solution. The precipitate was sucked dry 
on a Buchner funnel, washed with alcohol and ether, dried in’ vacuo and 
weighed (precipitate 1, weight 132 Cim.). 

The crude extract was triturated with 12 ¢e¢. of distilled water per gram 
and dialyzed at 4° to 10° C. for three days. The contents of the dialyzing 
membrane were evaporated in vacuo to a small volume and centrifuged. The 
dried sediment (precipitate TL) weighed 104 Gm. 

To the supernatant fluid from this centrifuged mixture, absolute alcohol 
was added to make a final 95 per cent solution. This solution was kept at 4‘ 
to 10°C. for thirty-six hours and then centrifuged. The sediment was washed 
with alcohol and ether and dried (precipitate TIT, weight 320 me.). Precipitate 
Hl was composed of thin, highly refractile, monoclinic, tetragonal crystals, 
soluble in water and dilute aleohol, insoluble in absolute aleohol and ether, and 
partially soluble in acetone. Tt turned brown and gummy on standing. 

B) Blood Sugar Determinations.—Preeipitates 1, TL, and IIL were. in- 
jeeted intraperitonealls into male Lone-Evans hooded rats, eight to twelve 
weeks old and weighing from 207 to 305 Gm. The rats were kept on a well- 
balanced constant diet. Blood samples were secured from the palmar veins. 
The modified microcolorimetrie method of Benedict'®? was used for the sugar 
determinations. This method determines nonfermentable substances equivalent 
in reducing power to only + to & Gm. of glucose per 100 @.c. of blood. 

lor the glucose tolerance tests 1 Gm. of glucose per kilogram of rat weight 
was fed orally in a 50 per cent solution to the fasting rat. The rats were 
prev) islv conditioned to medicine dropper feedings. 

x or more blood sugars were determined on each rat prior to the experi- 
Menta) procedures in order to establish normal means. 

EXPERIMENTAL PROCEDURES AND RESULTS 
Parotid Extracts —1. Preeipitate I. Seventy-five milligrams of pre- 
elpiti [ were injected intraperitoneally into four fasting rats. Seven days 
later io of these rats were again injected with the same amount of extract, 
and fourteen days later one was reinjected. Fasting blood sugar levels were 
determined, and blood samples were secured in one hour, four hours, and 


twenty four hours after injection. 
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In one hour the blood sugars showed an average inerease of 87 per cent 
over the fasting blood sugars, ranging from 165 me. per cent to 216 me. per 
cent (Table 1), representing a markedly significant rise (the sigma of the dit 
ference equals 12 kour hours after injection the blood sugars were still Slo'- 
nificantly higher than those of the fasting levels. In twenty-four hours all the 


blood sugars had returned to the preinjection range. 
TABLE ] 
EFFECTS OF PRECIPITATE | ON BLOOD SUGARS 


MEANS OF FASTING 
BLOOD PRECIPITATE BLOOD SUGARS AFTER INJECTIOS 
O7 


SUGAR I INJECTED (MG, ©) 


SIX BLOOD 

SUGARS 
PRIOK TO (MG, ) 
INJECTION 


PRIOR TO 
INJECTION 
O) 


30 O1+ 6 85 
35 O1+ 3 103 


Test repeated O1+ < 104 
7 days later 


oO 
Test 7 days 
later 
15 days laten 


10G+ 


100+ 


106+ 


Mean 95+ 
Mean increase 


Mean per cent increase 


TABLE I] 
EFFECTS OF PRECIPITATE IIL ON BLOOD SUGARS 


MIEAN 0 
— BLOOD SUGARS AFTER INJECTION (MG. % 
AMOUNT 
INJECTED 


PRIOR TO (MG, ] 


SIX BLOOD 
SUGARS 
IIR. x 12 BR. 
INJECTION 
94+ 5 D 139 
82+ 5 iy 155 
100+ 4 5 164 
93+ 6 5 130 
106+ 4 5 128 
5: 4 5 146 
166 
146 
160 
150+ 7 
Mean increase 7 
Mean per cent increase 
Kifty milligrams of precipitate I] were injected jntra- 
Samples of blood were 
Thereafter, one- 
rat. 


2. Precipitate I. 
peritoneally into each of ten rats daily for eight days. 
secured on the eighth day immediately prior to the injection. 
hour, four-hour, and twelve-hour fasting samples were drawn from eac 


In one hour the blood sugars showed a 61 per cent average increase. The ‘our 


hour sample was 26 per cent above the mean blood sugars prior to the series 
Was 
vally 


of injections. Twelve hours after injection the same average increas 
recorded (Table IT). 


significant. 


These average inereases in blood sugars were statis 
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Kighteen glucose tolerance tests were done on IL rats after they had 
received from one to twelve consecutive daily injections of 100 me. of preetpi- 
tate I] (Table TID). Fasting blood samples were secured immediately before 
injection. Fourteen rats were injected with 100 me. of precipitate Il just 
prior to the glucose tolerance test. Four rats were not injected immediately 
prior to the test, but received their last injection twenty-four hours previously. 
Two tests were done after one injection, two after three daily injections, ei@ht 
after eight dailv injections, four after nine daily injeetions, and two after 
twelve daily injections. 

TABLE III 
GLUCOSE TOLERANCE TESTS OF RATS INJECTED WITH PRECIPITATE I] 

NO. OF MEAN OF 
CONSE SIX BLOOD 
UTIVE SUGARS 
DALLY PRIOK TO pete 

SUGARS rES1 


INJE¢ INJE¢ ‘ . % 1146 HR 
(MG, 
rIONS TIONS 


PRECIPI BLOOD SUGARS FOLLOWING INJECTION 
FASTING | TATE II (MG. %) 


BLOOD PRIOR TO 


] Q7+ 4 Q7 100 

Qyt : 4 100 

100+ 106 100 

S25 ¢ le 100 

aor! S6 100 

100+ 121 0 

Bar I 128 100 

+ 140 100 

10822 131 100 207 
947 < 119 100 304 
Qt 131 100 19] 
101+ 148 100 19S 
O4+ 12S () ISS 
100+ 130 100 _ 
935+ 126 100 165 
q O0T ; 146 100 178 
12 Sor! 132 0 148 
12 S8+ 5 110 0 241 155 


ed 
5 
S 
S 
x 
Ss 
XS 
g 
Ss 
Ss 


ey om 
> — 


In order to control the results eight e@lueose tolerance tests were done on 
rats not injected with the parotid extracts. Four of these tests were done after 
eight daily injections of physiologic saline, and two after eight daily beef 
extract broth injections. Two were not injected (Table IV). 

The results of the control rats closely simulated glucose tolerance curves im 
hormal human beines. Practically all the blood sugar curves following the use 
of precipitate IT presented a picture similar to that in diabetie patients (Table 
II). The one-half-hour samples of the latter ranged from 148 mg. per cent to 
O89 tie. per cent, whereas the one-half-hour samples of the control animals 
ranged trom 117 meg. per cent to 155 mg. per cent. The one-hour test samples of 
the rais injected with the parotid precipitate ranged from 155 me. per cent to 
270 m1 per cent, whereas that of the controls ranged from 101 me. per cent to 
I28 me. per cent. In the one-and-one-half-hour samples blood sugars ranging 
from 133 me. per cent to 480 me. per cent were obtained in the injected animals, 
in Col parison to blood sugars ranging from 90 me. per cent to 131 me. per cent 
im the control animals. All the two-hour blood sugars of the control animals 
were hormal, whereas the two-hour samples of the injeeted animals ranged 
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hour blood sugars of the test animals was higher than that of their fasting 
blood sugars; Whereas the average of the three-hour samples of the control rats 
was lower than the average of their fasting samples (Tables [Vand Vj). All the 
average inereases in the blood sugars of the test animals were statistically 
significant. 

The second type of curve was encountered in Rats 3,99, and 14 after eight 
daily injections, and in Rat 3 after nine daily injections. Extreme blood 
sugar rises from 504 to 585 me. per cent were obtained in the one-half hour to 
the one and one-half hour samples (Table III). Sharp drops in the following 
samples followed these extreme peaks. Secondary peaks in the two- or three- 
hour blood samples were encountered in the tolerance test of six rats. 

Although the majority of the tolerance curves paralleled the first type, the 
rats did not reaet constantly with any one specifie type. 

3. Precipitate IIT. Five milligrams of preeipitate TIE were injeeted into 
seven rats. The mean of the blood sugars one hour after injeetion was 57 per 
cent higher than that of the mean of 42 blood sugars prior to the injections, 
representing a highly significant increase. The mean of the three-hour blood 


sugars was 25 per cent higher than that of the control sugars (Table VI). 


TABLE VI 
EFFECTS OF PRECIPITATE ILE ON BLoop SuGArs 


MEAN OF SIX 


BLOOD SUGARS 


AMOUNT BLOOD SUGARS AFTER INJECTIONS 
INJECTED (MG. %) 


PRIOR TO 
(MG. 


INJECTIONS 
Q5+ 6 
QOHt P 
O5+ 4 
SS+ 4 

4+ 
100+ 
104+ 
(\+ 
reuse 


increase over controls 


TABLE VII 
GLUCOSE TOLERANCE TESTS OF RATS INJECTED WITH PRECIPITATE III 


NO. OF MEAN OF 
ONSEC SIX BLOOD 
TIVE SUGARS 
DAILY PRIOR TO 
NJ EC INJE¢ 
TIONS TIONS 


PRECIPI BLOOD SUGARS FOLLOWING INJECTION 
FASTING TATE III (MG. %) 
BLOOD PRIOR TO 
SUGARS TEST | 


HR. | 1144 HR} & R. 3 HR. 
(MG.) = 


l 95+ 4 94 : 202 128 149 : 171 


101+ 74 : | 128 128 | 151 106 
I QO+ 5 110 § 148 160 146 10S 


e glucose tolerance tests (Table VII) after injection of 5 me. of pre- 
Cipitate {IT were similar to those obtained after the injection of 100 me. of 
precipitate IT. 
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(B) 
injections of beef extract broth. Seven rats were autopsied after nine to twelve 


Tissucs.—Two rats were autopsied after having received eight daily 
daily injections of precipitate I], and in addition one injection of precipitate ITT, 

The panereas of the rats injected with beef extract broth presented no 
changes in the parenchyma of the islands of Langerhans. 

The parenchyma of the pancreas of those rats which had received the injec- 
tions of the several parotid extracts was normal. The majority of the islands 
of Langerhans were normal in size, shape, and arrangement of the island cells. 
In all the specimens, however, there were islands exhibiting marked granular 
degeneration, hydropie degeneration, disorganization of the normal island pat- 
tern, and varying degrees of infiltration with small round cells and fibroblasts. 
In several islands there was almost complete replacement of the island cells 
with voung fibroblasts. Sections of the parotids, livers, spleens, kidneys, and 
thyroid glands of the extract injected animals revealed no pathologie changes. 







Fig. 1. 


Crystals of precipitate ITT (x 320). 





Replacement of island cells with fibroblasts (x32 
DISCUSSION 


The constant and prolonged hyperglycemias following intraperitoneal in- 
jections of the parotid extracts indicate the existence of an insulin antagonist 
secreted by the parotid gland. The markedly significant 84 per cent increase in 
the one-hour samples following the injection of precipitate I into seven fasting 
rats may possibly be explained by assuming that elyvcogenesis was being in 
hibited, whereas ¢lyecogenolysis was proceeding at a normal rate, thus resulting 
in an abnormal accumulation of endogenous glucose in the blood. 

Injections of an average of only 5 me. of precipitate IIL into seven rats 
produced an average increase of 57 per cent in the one-hour samples. Similar 
increases were obtained following the use of precipitate IT in nine rats. — Injec 
tions of 5 mg. of the refined crystalline precipitate ILL produced hy perglycemias 
comparable to those following 50 meg. of precipitates IT and IT (Tables 1, IL 
and VI). We eannot, however, state that precipitate ITT was ten times as 
potent as precipitates I and II, since the end point of the inhibiting effects of 
the extract has not vet been determined. A chemical analysis of the « vstals 


constituting precipitate III is still in progress, 
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The blood sugars of rats that received the parotid extract for the first time 
returned to the preinjection level within twenty-four hours, whereas the fast- 
ing blood sugars of those rats that received repeated daily injections were 31 
per cent greater than their preinjection average. 

These findings demonstrate that, although the inhibitine effect of the 
parotid substance disappears within twenty-four hours after one massive dose, 
repeated injections tend to maintain the fasting blood sugars at higher levels, 
even after the cessation of the injections due to the degenerative changes in 
the islands of Langerhans. This effeet is exemplified by the glucose tolerance 
tests of Rats 15, 5, 14, and 55 (Table TIL), in which oeeurred peaks of 231, 
480, 185, and 241 meg. per cent, twenty-four hours after the last injection of 
parotid extract. The normal eglucose tolerance curves of control Rats 4+ and 
33, that had been repeatedly injected with beef extract broth, make improb- 
able the possibility that a nonspecific irritating effect of intraperitoneal injee- 
tions of a tissue extract may have resulted in hyperglveemia. Sections of the 
pancreas of these rats revealed no abnormal changes. Likewise, the normal 
glucose tolerance curves of the four rats which received repeated intraperitoneal! 
injections of physiologic saline solution exelude the possibility that the hyper- 
elyeemias in the test animals were the result of repeated peritoneal punctures. 

It is difficult in the present stage of this study to determine whether the 
degenerative changes in the islands of Langerhans following injections of the 
parotid extracts represent a reaction to a specific cell toxin, or are the end 
results of an accelerated type of atrophy of disuse following prolonged inhibi- 
tion of all function. 

Wereh and Altshuler, and Harrow and co-workers, prepared blood-sugar 
raising substances from the urine of diabetie patients. The former found 
greater amounts of this substanee in the urine of persons with diabetes than 
in the urine of normal individuals, and even greater amounts in urine in uneon- 
trolled diabetes than in that of controlled diabetes. In the present study the 
method used by Harrow and associates to extract blood-sugar raising substances 
from the urine was applied in a modified form to the parotid gland. A potent 
hlood-sugar raising extraet was secured, 

Himsworth' in 1936 suspected the presence of an insulin antagonist. He 
suggested that diabetes mellitus in the insulin-sensitive person was due to a 
lack of insulin, whereas diabetes in the insulin-insensitive person was due to 
an insulin antagonist. It is possible that his two types of patients with diabetes 
represent two different stages of a condition with the same etiologie mechanism. 
An island of Langerhans antagonist may cause primary effects through its 
specific insulin antagonism and secondary effects following permanent damage 
to the islands of Langerhans. This damage may be due to either an atrophy 


of disuse, or a specifie cell toxin. 
SUMMARY 


l. \ potent blood-sugar raising extract was prepared from the parotid 
gland. 


9 ° ° ° , , 
<. degenerative changes in the islands of Langerhans followed repeated 


Mjections of this extraet in experimental animals. 
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T IS well known that there is a wide difference in the amount of ascorbic acid 


intake necessary to prevent the outward manifestation of seurvy and_ the 





amount desirable for optimal health.' As evidence aceumulates concerning th 






true physiologic functions of vitamin C, such as the work of Sigal and Wing’ 





on vitamin ( levels and resistance to bacterial toxins, and of Ecker and ¢0- 





workers® on the relation between ascorbie acid and guinea pig complement, there 





will be an increasing need of a simple clinical procedure for determining t 





status of vitamin C nutrition in patients. The many techniques already avail: 






able are well reviewed by authorities in this field in The Vitamins, edited i 
1939 by the American Medical Association. Determination of the ** resting 
level’’ of excretion*® and of ‘‘saturation deficits’ * involve so many difficulties 
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of performance and interpretation, not the least of which is the long time neces- 
sary for the test, that these teehniques have not found general adoption in the 
elinie. 

The significance of the plasma ascorbie acid content in single fasting speci- 
mens has been considered by many’'? to be of very limited value as an index 
of vitamin C nutrition, a belief that is further confirmed by our work. The lack 
of agreement'* '™ concerning the clinical significance of such fasting values is 
itself evidence of the inadequacy of this otherwise simple test. Butler and 
Cushman’ have found that the white blood cells and platelets may retain most 
of their ascorbie acid content even when the plasma ascorbic acid has been 
reduced to zero, and are themselves reduced to low ascorbie acid values only in 
acute scurvy. These authors believe that ascorbic acid analyses of these cells 
“provide indices of vitamin C deficiency which extend beyond the limit of the 
index furnished by fasting plasma concentrations.”’ Their data indicate, how- 
ever, that the vitamin C content of these cells is nearly maximal at low plasma 
concentrations, so that while analysis of these cells may indieate the severity 
of an existing scurvy, it would not be as sensitive an index of less severe vita- 
min ( unsaturation, 

Since the basic interest in **saturation tests”” is the existing vitamin © con- 
tent of the tissues, and since this substance appears to be in the free state both 
in the tissues and plasma, a reliable index should be furnished by the rate of 
penetration of the vitamin from the plasma into the tissues. Thus upon feed- 
ing the vitamin, if the tissue ascorbie acid content were low, the rapid flow of 
ascorbic acid from the plasma to such tissues should result in only a small 
rise of the plasma ascorbic acid; if the tissues were **saturated,’? then the plasma 
content should inerease markedly, These SUppositions were found to be true. 
Such a tolerance curve with vitamin C administered both orally and intra- 
venously has been used in conjunction with other ‘saturation tests’” by Portnoy 
and Wilkinson! in a study of normal patients and those with ulcer. The test 
was not studied in detail by these authors, however, and no attempt was made 
fo relate the various degrees of saturation with the type of tolerance curve 
obtained, Intravenous ‘‘test dose’* methods with measurement of the urinary 
excretion have been suggested! ! to eliminate possible errors due to differences 
in intestinal absorption rates. Intravenous administration must in our opinion, 
and in agreement with that of van Kekelen and Heinemann,*’ involve a sudden 
flooding of the kidney and loss of a large amount of ascorbie acid, so that the 
blood values and urinary excretions observed must be greatly influenced by the 
speed of injection and secretory ability of the kidney. In the ‘‘oral’’ test to be 


deserilied, the dosage was so chosen that rarely more than 10 to 15 per cent of 


the tote! dose was excreted during the five-hour test. Hence the principal factor 


In determining differences in the curves appeared to be the fundamental one, 


namely, the rate of penetration of the vitamin from the plasma into the tissues. 
The sh 


rate of 


© of an individual curve is, of course, determined in iarge part by the 
ntestinal absorption, as is the case with a sugar tolerance curve, but in 
Our se) 
he the 3 


Curves, 


swe have not encountered any cases in whieh this factor appeared to 
ain determinant of differences in the shape of a group of oral tolerance 
Proof of this fact lies chiefly in the satisfactory explanation of differ- 
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ences on the basis of vitamin C nutrition alone, and on those changes produced 


by experimental feeding and deprivation of the vitamin in a single individual, 





where the factor of gastrointestinal absorption must be considered to remain 






constant. If cases of exceptionally slow absorption were encountered employ 


ing this test, the curve would at least suggest deficiency and lead to vitamin ( 






therapy, and if this failed to produce a ‘tsaturated’’ type of curve, other 






methods of administration for therapy would be indicated. 





This paper includes a study of (a) the use of the oral ascorbic acid tolerance 






test for a rapid clinical diagnosis of the deeree of subclinical vitamin ( de- 






the changes produced in the curve upon experimentally saturating 





ficiency; (hb) 





and depleting the same individual of vitamin (; (¢) the analysis of sufficient 






tolerance curves to distinguish at least four **types”’ characteristic of various 





degrees of vitamin © nutrition; and (d) the application of the method to a 






study of schizophrenic and senile patients. 






METHOD 





The test is best performed in the morning. A sample of blood (approxi- 





from a fasting patient is taken with a dry syringe and ejected 





mately 7 ¢.c. 





into a dry pyrex tube containing approximately 20 me. of potassium oxalate 





Mixing is accomplished by gentle inversions rather than 





as an anticoagulant. 





by vigerous shaking to avoid hemolysis. .A dose of 6.0 me. of ascorbie acid per 






kilogram of body weight is dissolved (immediately before feeding) im one-half 





Since no tood should be 






olass water and fed, the time in minutes beine noted. 
civen for the following five hours, we have allowed, after the vitamin C, a break- 
This did not materially affect 


Although 


in our experimental work we have taken five more specimens of blood to de 






fast consisting of a eup of coffee and plain toast. 
the resultant curve, but made the test more tolerable to the patient. 






termine the details of the curve, sufficient information for clinical tests may be 






obtained by taking blood specimens at only the two-and-one-half- and _ five-hour 
The blood samples should be chilled immediately after drawing until 





points. 






they are analyzed (the same day). The chemical determinations of plasma 


ascorbic acid were done by a method developed in this laboratory?! whieh proved 






to be a rapid clinical method for serial analysis. It is a modification of the 





Mindlin and Butler procedure,?? with extraction of the unchanged 2,6 dichloro- 






phenolindophenol into xylene, which insures its stability. 





The values obtained in milligrams per cent are plotted against time in 
| 






minutes. 









INTERPRETATION OF CURVES 













For the sake of clarity of presentation and economy of space it would seem 


hetter to present first a chart summarizing the types of curves which have been 





distinguished in our group of 60 such determinations, and to discuss. thi bulk 






of our data by reference to such a chart. Special illustrative curves will be 






presented after the generalized data. Fig. 1 shows a **mapping out”’ of col 





venient areas (outlined by dark lines) into which nearly all individual curves 







ean be alloeated. 


These areas have been designated tentatively by the terms ‘‘saturated,” 





‘low normal,’ ‘thigh normal,’’ and ‘‘undersaturated,’’ but the distribution of 








subjects within these groups must vary somewhat according to locati and 
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dietary habits. In view of such experiments as that reported by Crandon and 
Lund? in which the plasma aseorbie acid was reduced (experimentally) to zero 
without ¢clinieal signs of seurvy or other pathology, it is in fact difficult at the 
present time to define sufficiency and deficiency with respect to vitamin ©. Since 
in clinical seurvy the plasma ascorbic acid may not reach the zero level,'* the 
clinical syndrome probably also depends on the intake of other dietary factors, 
and it becomes desirable to be able to detect milder degrees of ascorbie acid 


deficieney, 





24 
AREA I 
(saturated ) 


% 
2, 


—~ 
n 


AREA II 
(high normal) 


>, 
LAS) 


© 
© 


AREA IIT 


(low normal) 


S 
aS 


AREA IV 


(under - saturated) 


= 
@ 
O 
= 
‘ 
aN 
S 
2) 
WwW 
= 
N 
yy) 
x 








4 i ‘i. 


60 (20 180 240 300 
Time (minutes) 


Fig. 1.—Areas chosen to classify types of tolerance curves obtained. 





In Fig. 1 it may be noted that there is a small area common to both Areas 
Hand II. This will be discussed later, but it signifies that in spite of a fasting 
value as low as 0.4 me. per cent, further characteristics of the curve may, never- 
theless, indicate that it should be placed in Area IT. 

Fig, 2 illustrates some typical curves obtained and their proper allocation 
in the defined areas which are in this figure represented by dotted lines. 

Tipe IT curves, as illustrated, are the type given by ‘saturated’ patients. 
This type has been encountered only twice among our group of patients, but ean 
be produced at will by feeding extra vitamin (, e.g., 200 to 300 mg. per day for 
two weeks. In 15 persons possessing among themselves all the other types of 
curves. we have, by feeding ascorbie acid, converted them into ‘‘saturated’’ per- 
SOnS Possessing the type I curve. A typieal curve is characterized by a high 
initial ascorbie acid value, a moderate rise, and generally a failure to decline 
again i) the experimental period. The failure to rise to higher levels is eon- 
sidered io be due to exceeding the kidney threshold (assumed by many?‘ to be 
approximately 1.4 mg. per cent) so that the rate of excretion is equal to or 
exceeds the rate of intestinal absorption. Thus subjects showing this type of 
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curve usually exerete in the urine large proportions (60 to 100 me.) of. the 





test dose. In addition, **saturation’*® of the tissues prevents these tissues from 





absorbing any considerable amount of plasma ascorbic acid. 
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Fig. 2.—Illustrative oral ascorbic acid tolerance curves, 










Type IT curves, as illustrated in Fig. 2, were found in testing 18 normal 


All of these had normal 





nurses (male and female) and 20 hospital patients. 


dietary habits, being on the regular hospital diet. This group displays man) 





variations in the tolerance curve, but all are characterized by marked rises and 






various rates of fall. The rise signifies that the rate of intestinal absorption 





exceeds the rate at which the relatively saturated tissues can absorb ascorbic acid 





from the plasma, the latter rate displaying itself only after intestinal absorption 
Although urinary excretion 






is more or less complete (latter part ot curves ) 





(from 15 to 50 me. during the five hours) parallels the height of the curve in 






many instances, there were several cases of abnormally higher or lower excre 






tions than that predicted from the curves, 






Several persons possessing type IL curves could not have been distinguished 


from patients possessing curves in the next lower state of saturation 0! 






Thus in our group of 33 type I] 





basis of fasting values alone (see type II-b 





curves there were 9 subjects whose fasting values fell between 0.35 and 0.7 mg 






per cent but who could not be considered from the tolerance curves to he an} 






less ‘‘saturated’’ than those possessine higher fastine values. 
| 





Type IIT curves have been found in four patients of our series and in two 










other persons during a period of experimental deprivation of vitamin C. The 
type is characterized by relatively low fasting values (0.35 to 0.7 mg. per cent), 
with only slight or very transitory rises in the tolerance curve. It is included 
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as a category, since it Is probable that this intermediate type represents a rela- 
tive unsaturation and will occur quite frequently in the general clinie where 


patients of more varied dietary habits are encountered. 
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Experimental changes produced in tolerance curves of patient N by feeding and 
deprivation of vitamin C, 











’ 


Type IV, illustrated in I 


our group, all senile patients, have shown such curves and will be discussed in 


iv. 2, is typical of vitamin C deficiency. Five of 


1 


more detail later. In five experimental persons placed on a vitamin C deficient 
diet, we have likewise obtained such curves. In such cases the flow of ascorbic 
acid from the plasma to the unsaturated tissues apparently always exceeds 
the rate of intestinal absorption. Urinary excretion during the period never 


exceeds 2 to 38 mg. in these cases. Such curves may not be uncommon in the 


general population and certainly represent a state of unsaturation requiring 


1 ( therapy. 
EXPERIMENTAL CHANGES IN THE TOLERANCE CURVE 


der to demonstrate experimentally the variations in the tolerance eurve 
of the same patient on different vitamin C intakes, the tolerance curves of three 
pers (schizophrenic) were determined on the regular house diet after two 
Weeks of daily administration of 200 mg. vitamin C, followed by seven weeks on 
a in ( deficient diet. Two more patients were placed on the deficient diet. 
As illustrative of the data obtained, the tolerance curves of one of the first 
*roup are shown in Fig. 3, the other data are recorded in Table I. In each 
fase Wo were able, by feeding ascorbic acid, to produce a tolerance curve, in- 
dicatii » greater saturation, and by deprivation to produce an ‘‘unsaturated’’ 
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type of curve. Since none of these patients or any others showing type LV 






curves ever showed any signs of clinical scurvy, the oral tolerance test deseribed 






here is obviously to distinguish relative degrees of saturation or to differentiate 






between sufficiency and mild deficiencies. 
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Fig. 4.—Oral tolerance curves on senile patients, before and after supplementary vitamin C 
feeding 












VITAMIN C AND SENILITY 











Other workers??? have e@iven evidence to indicate a vitamin CC lack in 


senility. Although Berkenau®* has seemed to establish that these findings in- 









dicate a true hypovitaminosis CC, since such patients required a longer time t 






‘saturate’? it was of interest to study such patients with our technique. We 





have, therefore, carried out the oral ascorbic acid tolerance test on ao eroup 





of six senile persons. All showed the **unsaturated”’ or *‘low normal’? (typ 
IV or IIT) eurves. Upon feeding 300 me. of ascorbic acid per day for two 






weeks, they showed tolerance curves of type IL or IT, Le... curves typical ot 





ereater saturation, One example of this is shown in Fig. 4, and the rest of the 






data are shown in Table II. These patients had been in the hospital on an ade: 





quate intake of vitamin C so that the deficiencies indicated by the initial toler: 






ance curves could not be justified on the basis of dietary habits. 






No satisfactory explanation (based on experimental proof) of this ‘‘en 





dogenous’’ deficiency of vitamin © in senility has vet been offered.2*)?* Our 






data indicate that the fault does not concern intestinal absorption, since such 






patients display typical saturation curves after feeding of supplementary 





vitamin C. The basis of this deficiency is under investigation. In the meant: 









time it seems established that better degrees of saturation ean be and should 
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be maintained in senile patients by oral administration of extra ascorbic acid. 
That this deficiency may be associated with the pathology of senility rather 
as such is indicated by the finding that 14 other hospital 


than with ‘told age’’ 


patients from ages 65 to 90 years showed fasting plasma values over 0.7 mg. per 


cent. 


EXPERIMENTAL CHANGES 


PATIENT AND DIET 


House 
High 


Low 


Vitamin €C 
vit. C 
House 

High vitamin (C 
Low vitamin © 
House 

Low vitamin C 
House 

Low vitamin C 


t:AL TOLERANCE CURVES ON SENILI 


PATIENT AND DIET 


0 
House 
High vitamin C 
House 
High 
Hlouse 
High vitamin C 


vitamin © 


House 
High vitamin C 
House 


High vitamin C 


PRODUCED 


MIN. 
0.26 
Lg 
OS 
O86 
0.24 

“on 
0.34 
0.41 
O.40 
O.69 


IN 


TABLE I 


ASCORI 


PLASMA 
90 MIN. 


1.03 
2.02 


OSS 


O50 
1.12 
O40 


TAB 
PATIENTS 
ATIENTS 


PL 

QQ) 
0.25 
1.56 
0.29 


1.17 


TOLERANCE 


MIN. 


1c ACID 


ASCORBI( 


150 MIN. 


1.45 
2.05 
0.44 
1.70 


1 
Py 


LI 
BEFORE 


ASMA 
150 
0.29 
1.56 
0.27 
1.46 
0.58 
1.85 
0.44 
1.09 
0.47 


1.22 


CURVES 


AND 


ASCORBIC 


MIN. 


BY FEEDING AND DEPRIVATION 


(MG. %) 
240 MIN. 
1.0] 
2.01 
0.47 
1.85 
2:05 
0.41 
1.54 
0.40 
1.10 


0.59 


\CID TYP! 


300 MIN. CURVI 


O.S4 
1.95 
0.42 
1.74 
2 16 


O36 


AFTER SUPPLEMENTARY VITAMIN 4 


ACID (MG. &) 
240 MIN. 


»» 
O.o0 


1.76 
0.27 
1.66 
O04 
1.86 


TYPE 
CURVI 
IV 


300 MIN. 


0.48 
1.07 
0.54 
1.19 


In our group of 20 schizophrenie patients there have been no indications of 


Vitamin C deficiency, 


SUM 


MARY 


\n oral aseorbie acid tolerance test has been developed to indicate the rela- 


five saturation of vitamin ( 


in 


human. beings. 


On the basis of 60 sueh de- 


terminations, and on experimental changes produced in the curve upon supple 


mentary 


Saturition have been sugeested. 


that 
the 1 


feeding and deprivation of 
Since patients showing the lowest 


Vitamin 


| is obviously to detect lesser degrees of ascorbie acid deficiency. 


(*. four categories of relative 


‘saturation ”’ 


in be demonstrated by this test do not show any signs of clinical scurvy, 


The 


main characteristics of the tolerance curves can be adequately distinguished by 


a fasting blood speeimen and two other specimens in the following five hours. 


The 
term) 
of ult 


Vitamiii C saturation. 


of this test seems to overcome the unreliability of a single fasting de- 
tion of plasma ascorbie acid, and to eliminate the technical difficulties 


e collection involved in’ previously suggested tests for the degree of 
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THE EFFECT OF YEAST AND MUSCLE ADENYLIC ACID IN 
MALNOURISHED PERSONS WITH PELLAGRA AND 
PERIPHERAL NEURITIS* 


Ricuarp W. Virver, M.D., Wintram B. Bean, M.D... AND 
Tom D. Spres, M.D., CINCINNATI, OHIO 


INTRODUCTION 


— and crude liver extracts are effective in the treatment of pellagra 
beriberi, and riboflavin deficiency because they are excellent sources of the 
vitamins of the B complex, particularly nicotinie acid, thiamin, and riboflavin, 
Many less well-known compounds are also present in high concentration and, 
like nicotinie acid, thiamin, and riboflavin, are components of organie catalysts 
essential for cell respiration. Adenylie acid is one of these compounds. It is 
the precursor of adenyl pyrophosphate (cophosphorylase) and is a component 
of a number of polynucleotides, including the nucleie acids, the coenzymes i 
and Il, the prosthetic groups of xanthine oxidase, d-amino aeid oxidase, and 
the vellow enzyme. These considerations suggest a relation of adenylie acid 
and the vitamins of the B complex, and indicate its great theoretical impor- 
tance to cellular respiration and nutrition. 

In this study 29 selected patients with nutritional deficiency disease were 
viven adenylie acid prepared either from yeast or from muscle.t The patients 
have been divided into four eroups to facilitate description of the therapeutic 
results. 

Group IT. Sixteen pellagrins in relapse. This group consisted of 16 per- 
sons, all of whom in previous vears had responded to nicotinic acid therapy for 
pellagra. They had continued to subsist on deficient diets, and in the spring 
of 1940 again had developed clinieal evidence of acute pellagra in relapse. Six 
of this group had multiple ulcers, extending deep in the tongue or buecal mucous 
membranes. The fiery red borders of the ulcerations were swollen and sharply 
demareated from the surrounding tissue. The craters of the ulcers were covered 
With erayish-white membranes. Each of these 6 patients complained of severe 


pain around the areas of uleeration and of generalized burnine sensations of the 


entity mouth and tongue. The remaining 10 patients had no ulcerative lesions 


of the tongue or oral mucous membranes, but each had characteristic pellagrous 
glossiis and complained of burning sensations of the mouth and toneue;: two of 


these 10 patients also had riboflavin deficiency, as evidenced by severe conjune- 


rom the Department of Internal Medicine, University of Cincinnati: the Department of 


‘Cie e Medicine, University of Texas; and the Department of Medicine, University of 
ab 


se studies were aided by grants from Anheuser-Busch, Ine., New York, and E. R. 
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tival and circumecorneal injection, and cheilosis. None of these lesions in 






proved while the patients were restricted to their usual deficient diet for tw 


weeks of preliminary observation. At the end of this period the administra 





tion of adenylic acid was begun, Each person was given intravenously 50 





mg. of either yeast adenylie acid or muscle adenylic acid, dissolved in steril: 





physiologic solution of sodium chloride, twice daily for from one to three days. 





The solution was injected not faster than 2 me. per minute. The 14 patients 





receiving veast adenvlic acid and the 2. receiving muscle adeny le acid 1 





ported improvement in strength, and then rapid disappearance of all burning 





sensations of the mucous membranes within six hours. The uleerations in 





the mouths of 6 pellagrins healed within two to five days after the first admin 





istration of adenylice acid. Those patients who continued to eat an inadequate 





diet had recurrences of the ulcerations and a diminution of strength within three 





to five weeks. When relapse oceurred, some of these patients requested more 





of the ‘‘same medicine,’ despite the discomfort that accompanied the Injection 





The fiery red color of pellagrous glossitis and the cheilosis and conjunctivitis 





of riboflavin deficicney were not affected by adenylic acid. 





Group IT, Four persons with prodromal symptoms of pellagra, Four per- 





sons, each of whom had been observed with clinical pellagra in previous years, 
had continued to eat an inadequate diet. When seen in the Nutrition Clinic this 






year, they complained of weakness, vague pains, irritability, imsomnia, and 





burning sensations of the skin and mucous membranes. Three were given 50 





mg. of veast adenvlie acid b.i.d. and one was given 50 me. b.i.d. of muscle 





adenylic acid for from one to three days in the manner described, 





Within six hours after the first injection these patients reported an increase 





in strength and vigor, and disappearance of all burning sensations of the skin 





and mucous membranes. The dramatie disappearance of anxiety, irritability, 





and nervousness, which follows the intravenous injection of large amounts of 





thiamin hydrochloride, was not observed after the injection of adenylie acid in 





the doses used. Accordingly, after this study a single dose of 100 mg. of thiamin 





hydrochloride was given intravenously and was followed by relief from these 





nervous symptoms within a few hours. 





Group ITT. Sir Persons wrth pe ripheral née uritis uhr h was refractory to 
treatment with thiamin hydrochloride and brewers’ yeast. Six patients were 


selected because of severe refractory peripheral neuritis. Five of these persons 







were addicted to alcohol; the sixth had had recurrent attacks of pellagrous 


glossitis for ten years and peripheral neuritis for three vears because of faulty 






gastrointestinal absorption. A number of observers had studied these patients 





eliniecally, and had treated the peripheral neuritis for from one to three years. 
The neuritis had failed to respond to intensive treatment with brewers’ veast for 






two months or more, or to the intravenous administration of from 50 to 100 me. 





thiamin hydrochloride daily for a minimum of fourteen days. Before adenylic acid 





was administered, neurologie examination of each person showed the following 





similar abnormalities which had been observed before treatment with veast and 





thiamin hydrochloride: Each had severe paresthesias of the feet and legs, both 





spontaneous and in response to pinprick and stroke, diminished perception ot 
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light toueh and vibration in the ankles and knees, and diminished appreciation 
of the position of the toes. Ankle jerks were absent and knee jerks were hypo- 
active in every case. Hach of these patients received, intravenously, 20 mg. of 
yeast adenylic acid twice a day for ten to thirty days. 

Spontaneous paresthesias temporarily disappeared during the administra- 
tion of adenylie aeid. In one case, for example, hyperesthesia, located at the 
knee before injection, was found near the ankle during the injection, but within 
fifteen minutes after the termination of the injection the level was found at the 
knee again. Similar responses were observed in each patient following each in- 
jection, but there was also a gradual and steady deerease in all painful sensations 
in the legs. Within ten to twenty-one days spontaneous pain and demonstrable 
hyperesthesia disappeared, perception of light touch improved, and the patients 
were able to walk without pain, whereas before treatment they could not bear 
the weight of bedcelothes on their feet and lees. In 3 cases the knee jerks changed 
from hypoactive to active during the period of treatment, and the perception of 
vibration, previously absent in the knees, returned. Ankle jerks, the perception 
of vibration over the malleoli, and appreciation of the position of the toes, did not 
change during the period of observation. 

Klectrocardiographie tracings taken on these 6 persons, which were normal 
before injection, showed the following temporary changes during the injection: 
Tachyeardia in 38 persons; P-R interval increases of more than 0.02 seeond in 
$; ()-T interval increases of more than 0.02 second in 2; inverted cone-shaped 
T-waves in all leads in 1; inverted P-waves in Lead 3 in 1; flattened T-waves in 
all leads in 8.) These alterations disappeared within five minutes after the cessa- 
tion of the injection, 

Group IV. Three persons with ulcerations of the tongue whose diets were 
adequate and who had no evidence of nutritional deficiency. Three persons 
were selected for comparison with the patients in group I beeause of recurrent 
superficial ulcerative lesions of the tongue for whieh no cause could be found. 
Their diets were adequate, they presented no evidence of nutritional deficieney 
disease, and the appearance of the ulcers bore no relationship to the season of 
the year. Each of these persons was injected intravenously with 50 mg. of yeast 
adenylie acid twice a day for from three to five days. At the time of injeetion 
there was no change in their sense of well-being and later no change in the 
appearance of the ulcers. They were given 500 mg. of nicotinic acid by mouth 
for one week. Still there was no healing in the ulceration or improvement in 


the hurnine sensations of the tongue in the regions of uleeration. 
REACTIONS OBSERVED DURING THE INJECTION OF YEAST AND MUSCLE ADENYLIC ACID 


linmediate reactions of varving degrees of severity, such as were described 
in normal persons,' were invariably observed with both the yeast and muscle 
adeny lie acid preparations. Rapid injections of 5 to 10 mg. of either compound 
produced, within twenty seconds, a flushing of the face, deep inspiration, 
transient tachveardia, sensation of suffocation, and impending disaster; whereas 
slow iijeetion of 2.0 mg. per minute produced mild hyperpnea, tachyeardia, 


abdoniiial cramps, tingling sensations in the mouth, and mild apprehension. 
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Patients who had burning sensations in the abdomen and about the eves at 






mouth stated that these sensations increased temporarily during the period « 





injection. Transient increase in lacrimation and injection of the conjunetiv: 






vessels were noted in several cases, particularly in patients who had conjunctive 






congestion. In contrast, the intravenous injection of adenine sulfate had 1 





pharmacologic effect and no apparent physiologic effect. 






These observations on the immediate reaction and the electrocardiographic 


alteration during the injection of adenylie acid support the previous observatior 






of Honey, Ritchie, and Thomson,? Rothmann,’ and Ruskin and Watz,* on t] 





effect in human beines of Intravenous and intramuscular injections of adenosine 






and ferrous adenylate, substances which act like adenyvlie acid in all partic 








lars which we have studied, 





SUMMARY AND CONCLUSIONS 











& These observations and those previously made sugeest that the rol 





of adenylie acid in human nutrition is important and extremely diversified 






Within from two to five days following the daily intravenous administratiot 






of 50 mg. of adenyvlie acid from veast or from muscle, the ulcers in the moutlis 






of 6 malnourished persons disappeared. In contrast, the ulcerations in- thi 






mouths of 38 persons who had stomatitis, but no evidence of dietary deficiency, 






did not improve following the injection of similar amounts of adenylie acid. Thi 






administration of either veast adenylie acid or muscle adenylie acid to persons 





with pellagrous glossitis or persons with subelinical symptoms of pellagra was 






followed by rapid improvement in streneth and well-being and disappearance of 







the burnine’ sensations of the mucous membranes. 


2. The intravenous administration of veast adenylie acid to 6 persons will 





peripheral neuritis who had failed to respond to brewers’ veast or to massivé 






] 


doses of thiamin hydrochloride, intravenously, was followed by striking elinical 






changes after a period of from ten days to three weeks. Spontaneous pain and 






demonstrable hyperesthesia disappeared, perception of light toueh improved, and 





the patients were again able to walk without pain. 






3. The intravenous administration of either muscle adenyvlic acid or veast 





} 


adenylie acid produced similar immediate reactions. Because of these reactions 






and the concomitant electrocardiographic changes, we do not recommend adeny lic 





acid for general therapeutic use. Nicotinie acid and thiamin hydrochloride, given 






in conjunction with a diet rich in protein and calories, continue to be the most 






efficient therapeutic measures for most malnourished persons with ulcerative 






stomatitis and peripheral neuritis. 
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KLUORESCENT STAINING TECHNIQUE FOR DETECTION OF 
ACID-FAST BACILLI* 


Howarp KE. Linp, M.Sc., C.P.H., ANp Howarp J. Suauaunessy, Pa.D. 
CHIcAGO, ILL. 


—_ staining by the Ziehl-Neelsen method is a c¢lassie procedure. 
There are very few laboratories, either private, institutional, municipal, 
or state, that do not use this method. In view of the difficulties encountered 
with the Ziehl-Neelsen method, the introduction of a cold stain, followed simply 
by a decolorizing solution, is appealing in itself. Such is the procedure of the 
fluorescent technique. 

The remarkable simplicity of the technique and the excellent results  re- 
ported by Richards and Miller of New York prompted us in the Chicago Branch 
Laboratory of the Illinois State Health Department to apply it to use in a busy 
routine diagnostic laboratory under normal conditions. 

A demonstration by Dr. Edmund Kline at the American Publie Health 
Association Meeting in Detroit in October, 1940, was indeed convineing. It was 
not until January that we were able to experiment with this technique on a 
large seale, at which time accessory equipment was made available to us through 
the courtesy of the Spencer Lens Company. 

The application of fluorescence microscopy to acid-fast bacteria and the 
use of filament rather than are lamps are due to two German physicians, Hage- 
mann and Keller. The equipment at present makes the method available for 
use with any monocular microscope and may be used only with materials whose 
fluorescence will be excited by the available ultraviolet light and the fluorescence 
that will pass through a vellow filter to the eve. 

During the process of investigation of this method with direct and con- 
centrated specimens, the following claims were kept in mind: (1) An increase 
In positives, (2) Reduction in fatigue in spite of the use of a monocular micro- 
scop.. (3) Absenee of interfering fluorescing substances. (4) Low cost of initial 
and upkeep of accessory equipment. (5) Rapidity of the procedure. (6) Prac- 
ticahility in small and large laboratories, hospital, and health department. 

No specifie experience necessary. During the course of this paper I shall 

clarify these claims. 
rom the Illinois State Health Department, Chicago. 
May ry the Laboratory Technicians’ Section of the Tri-State Hospital Assembly Meeting, 

t\eceived for publication, May 12, 1941. 
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The method and equipment were developed and tested by Dr. Osear W 
Richards, of the Speneer Lens Company Research Department, and were firs 
applied at the Mever Memorial Hospital in Buffalo by Dr. D. Kk. Miller. Eleve: 
sputa in their first series of 100 were found positive with this method which wer 
negative with Ziehl-Neelsen. The fluorescence technique on direct smears ha: 
greater sensitivity than on concentrations with Ziehl-Neelsen. Acid-fast bacilli 
found in a spinal fluid and pus were not demonstrated by Ziehl-Neelsen. They 
also mentioned that one-third less time is required for preparing and reading 
smears, 
Let us take up the necessary accessory equipment and procedure of the 
technique. (1) A monocular microscope is necessary. The present souree of 
ultraviolet light is limited so that it would be almost impossible to obtain satis 
factory light through a double body tube of a binocular microscope. We unde: 
stand that this limitation is being worked on by Dr. Richards.* The draw 
tube on a monocular microscope may be substituted for the binocular draw tubes 
of a Spencer microscope. (2) The microscope should be equipped with an & mm. 
objective and a 20x ocular or 1.8 mm. objective and a 6~ ocular. (3) A souree of 
light which has low voltage and high amperage, such as a Universal microscope 
lamp of 6.5 volts and 2.75 amperes with clear bulb and transformer, is desirable. 
Universal lamps Nos. 351 and 353 are suitable because the high amperage and 
concentrated filament furnish sufficient ultraviolet radiation for use with the 
monocular microscope. Apparently the less intense low voltage lamps and even 
many of the larger conventional lamps are not satisfactory because either less 
ultraviolet light is produced or too much of it is absorbed by the lenses. (4) A 
blue ultraviolet transmitting filter placed in front of the light source is es- 
sential. (5) An aluminum-surfaced mirror sets in front of the microscope mir- 
ror. This is necessary, since a silver mirror absorbs the ultraviolet radiation 
instead of reflecting it. (6) Finally a vellow light filter is plaeed in the ocular 
ot the microscope. This is a complementary filter necessary to see the acid-fast 
bacteria which fluoresce to appear vellow. 

The staining solution is composed of 0.1 Gm. of Auramine O (National 
Aniline Company ), 3 ¢.¢. of liquefied phenol, and 97 ¢.c. of distilled water. The 
decolorizing solution is composed of 100 ¢.c. of 70 per cent aleohol, 0.5 ¢.c. of 
concentrated hydrochloric acid, and 0.5 Gm. of sodium chloride. There is no 
counterstain. 

We know that certain microorganisms are called acid-fast bacteria because 
they retain the basic dve (whether it be fuchsin or auramine) in a phenol or 
earbolie acid solution after the remaining material on the slide is made void of 
eolor with acid alcohol. The acid-fast bacteria retain auramine, a fluorescent 
dye, after the surrounding material has been destained with acid aleohol. When 
they are lighted with ultraviolet radiation, this light is absorbed and reradiated 
as visible vellow light. Consequently, the bacteria appear as bright self-luminous 
hodies on a dark, almost black, background. This effect is obtained by the |)lue 
ultraviolet transmitting filter on or in front of the light source and a vellow 
filter in the eyepiece. This arrangement becomes black to the eve beeause the 


*Personal communication. 
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yellow filter absorbs the radiation passed by the blue filter. (Since silver absorbs 
ultraviolet radiation, an aluminized mirror is substituted.) The yellow light, 
emitted by the organisms, since auramine is retained, passes through the eve 
filter and appears vellow. 

Smears are made as usual and fixed by heat, as in the Ziehl-Neelsen method. 
Auramine is applied for two minutes, washed, and decolorized with acid alcohol 
for two to four minutes, and then redecolorized in a fresh solution of acid aleo- 
hol for at least two minutes, again washed and dried; it is now ready for ex- 
amination. For staining purposes Coplin jars or individual staining may be 
used. The latter method is to be preferred. Regardless of which method may 
he used, it is important to use a clean, fresh solution of acid aleohol as a final 
decolorizer to insure complete decolorization. There is no danger of over- 
decolorizing, but there is trouble when insufficiently decolorized, 

The matter of focusing may cause a little difficulty at first, but if maximum 
light is obtained before examination is attempted, this diffieulty will be min- 
imized. Place the blue ultraviolet filter on the lamp in front of the light source 
and focus it onto the center of the mirror. Remove ocular and foeus objective 
as near to the stage as possible; then by adjusting the mirror so that the max- 
imum light shines through the body tube, the slide may easily be focused. 

The procedure recommended by Dr. Richards follows that an objective of 
Simm. and a 20x ocular giving a magnification of 400 be used, thus allowing an 
area 20 times that of oil-immersion lens objective with 10x ocular used ordinarily 
with the Ziehl-Neelsen method. 

The acid-fast bacilli appear as small bright vellow bacilli against a dark 
background. In a pure culture of tuberculosis absolutely nothing but the or- 
ganisms appear, the background being nearly black. With smears, direct and 
concentrated, the degree of various other substances present in sputum fluorese- 
ing varies, depending upon the method used in concentrating and any other 
phase used in the process of preparing the sputum for examination. 


EXPERIMENTAL 


The method and the equipment recommended have been tested under con- 
ditions of a publie health department laboratory in which nearly all specimens 
of sputum for the examination of tuberele bacilli are mailed to the laboratory. 
A few specimens submitted for pneumonia typing were included in this series 
as direct smears. The test run ineluded 1,128 concentrated specimens and 98 


direct smears with the fluorescence method and with the Ziehl-Neelsen technique. 


Sputum submitted to our laboratory arrives in cresol; it is autoclaved and then 
centrifuged. Smears made from the sediment are stained and examined for 
tubercle bacilli. In addition to the recommended use of the low objective and the 
high oeular lens various combinations, ineluding the oil-immersion and low 
oculer, were tried. 
RESULTS 

\s seen in Table Ta total of 1,221 specimens of sputa were tested. Of these 
only US were examined by direct smear. Ninety-six were negative and two were 
positive by each method. The bulk of the specimens examined under con- 
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ditions of concentration with ecresol, autoclaving, and centrifuging did not 






reveal such striking differences as did the comparisons reported by Doctors 





Riehards and Miller. Of the 1,128 specimens examined above, 998 were neg 






ative and 106 were positive by both methods. However, there were twely 






specimens positive by the fluorescence method which were negative by the Zieh] 






Neelsen technique (a re-examination of one of these specimens by the Zieh! 






Neelsen was found to be positive). Very interesting to us, but slightly dis 






turbing, was the fact that in seven sputa positive results were obtained by thi 






Ziehl-Neelsen technique but could not be demonstrated by fluorescence. (Two 






of these smears were very thin, two were bloody, and one was unsatisfactory. 






Two, however, were missed completely. ) 






Not included in the foregoing series were four smears of pus and one spinal 






fluid which were negative by both techniques. 










TABLE I] 


SPUTUM FOR TUBERCLE BACILLI 













FLUORESCENCE TECHNIQUE ZIEHL-NEELSEN TECHNIQUI 
NO. OF SPUTA 










DIRECT CONCENTRATED” DIRECT CONCENTRATED 
96 Negative Negative 
2 Positive Positive 
99S Negative Negative 
7 Negative Positive 
106 Positive Positive 
12} Positive Negative 






oo 










*Concentrated with cresol, followed by autoclaving and centrifuging 
__ 7Two smears were very thin, two were very bloody, one smear proved to contain artifacts 
(acid fast), not tubercle bacilli. 
tOne of these was found to be positive by Ziehl-Neelsen technique on re-examination, 
NOTE: Not included in the above were 4 smears of pus and spinal fluid which were nega 
tive by both techniques. 










DISCUSSION 






According to Richards and Miller, **A bright vellow tubereulosis organist 





is more easily seen against a dark background than the usual red stained bac 






terium on a blue background.’ As an individual, | would be inclined to agree, 






but I do not believe that would be the consensus of opinion of the group here. 





Unless there has been some experience with the dark-field microscope or some 






other fluorescence technique, the transformation is not as rapid and as easy as it 





sounds. One problem encountered is that of a mental approach. One must 






change his or her concept of tubercle bacilli as they should appear. The recom- 






mended use of an 8 mm. objective and 20« oeular lens gives one a wider vision 






and an area twenty times as large but reduces the magnification of the organisms 





to less than one-half. This difficulty ean be overcome with practice. We would 






recommend that the beginner in fluorescence technique use the oil-immersion 






objective and a low ocular 6x or 10x just as for other stained preparations of 





bacteria. This would permit the eve to become accustomed to change in color 






contrast, without making it necessary to adjust to changes in changing the 






shape, size, and form of the organisms. It is true that cedar oil will fluoresce 






so that the background is tan rather than almost black. Also the poini of 





focusing area or working distance is very narrow. Using the low objeciive 
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and high ocular (8 mm. and 20%, a magnification of 400 times), one can con 
centrate attention on change in size and shape. 

There may be claims of fatigue at first because of the dark-field and 
monoeular scope, but if the slide is protected from the glare of surrounding 
light, this objection is eliminated. 

The rapidity with which one can examine these slides is very striking. 
One-fourth to one-third the time is required with this method compared with 
the Ziehl-Neelsen method once the smears are made. It is true that each field 
covers twenty times the area of that under oil immersion and inereases the speed 
of examination, although it is necessary to guard against the tendency to lessen 
the importance of adequate examination of specimen because of inereased area 
covered. 

To overcome the problem of occasional thin slides that reveal nothing and 
render the foeusing of the field difficult, apply a spot of auramine stain on the 
corner of slides. 

Associated fluorescence has been a decided problem and inconvenience 
during this experiment. The fact that cresol fluoresces and nearly all our 
sputa arrived in eresol reduced distinet contrast, and nearly all material in 
the smear fluoresced to a greater or lesser degree. This was partially overeome 
by increasing the time of decolorizing, using low magnification to find sus- 
picious areas and confirming with the oil-immersion lens and 6* ocular. The 
fact that cedar oil fluoresces as a dull haze blotted out the definite outlines of 
associated interfering fluorescing substances, while the tubercle bacilli remained 
clear, bright, and definite. 

There has been some work by Dr. Kline* to the effect that heating reduces 
the sensitivity of the fluorescence stain. This may help to explain why this series 
involving autoclaving did not reveal such a striking inerease in the number of 
positives. An inerease of even 1 per cent is important. 

If only one microscope equipped for the fluorescent technique were avail- 
able in a laboratory, only one person could look at the slides. On the other hand, 
several people in the laboratory could look at slides stained by Ziehl-Neelsen 
technique. It would appear that no time would be saved by the fluorescent 
method. Towever, this is only partially true, for by the fluorescence method 
one individual could look at the same number of slides that two, three, and even 
four, could observe by the Ziehl-Neelsen method. The accessories to this method 
do not render the monocular microscope unsatisfactory for routine bacteriologic 
examination of other smears and cultures. It becomes satisfactory for any stain- 
ing use by simply changing to another ocular minus the vellow filter. 

Nhe accessories are reasonable in price. The blue ultraviolet filter, alumin- 
ized inirror, and yellow filter are available for $10.00 from the Spencer Lens 
Conipany., A Universal light of low voltage and high amperage costs $23.00. 

Other chemicals that will fluoresce very little, or not at all, used in con- 
centrating sputum and vet satisfactory for mailing purposes were investigated. 


‘his investigation revealed that the fluorescent technique for acid-fast 


hacilli, where applied to sputum concentrated with cresol, was not more satis- 


npublished work. 
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factory than our modification of the Ziehl-Neelsen method. Tt appears. th: 





eresol fluoresces to the extent of interfering with the elear fluorescence of th: 






acid-fast baeilli. 
This disadvantage does not apply to direct smears. Our series of direc! 






smear examinations was too small to comment upon intelligently. 








SUMMARY AND CONCLUSIONS 








A total of 1,221 specimens were examined for tubercle bacilli with the 
fluorescent and the Ziehl-Neelsen techniques, Of these, 1,123 were specimens 


concentrated by ecresol, autoclaving, and centrifuging. The fluorescence tech 







nique for the examination of tubercle bacilli was more sensitive than the Zieh|- 






Neelsen staining method, increasing positives by 1 per cent, although the use 





of cresol in concentration produced fluorescence which interfered with the 






examination of the specimens. Because of the larger areas covered and the 






ease of examination, the time required to examine the smears was reduced |) 







one-fourth to one-third. 
The disadvantages of a monocular microscope, the high degree of miscel 





laneous fluorescence, and the possible fatigue were counteracted by the advan- 






tages of larger microscopic fields, simplicity of technique, rapidity of procedure, 





and inerease in number of positives. The simplicity of the technique permits a 






larger number of specimens to be handled in a shorter period of time. 
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A QUICK, EASY METHOD OF PREPARING TISSUES FOR MICROSCOPIC 
EXAMINATION BY COMBINING THE TECHNIQUES 
Ok NELSON AND TERRY* 


WILLIAM M. Witson, M.D., PORTLAND, ORE. 


; be Ky purpose of this paper is to report a quick, easy, and inexpensive method 
ot 


fixing, embedding (blocking), cutting, and staining tissues for micro- 
scopic examination. The technique is simple and can be mastered by any office 
or laboratory assistant in a few hours. With the equipment at hand and a 
little experience the actual working time necessary for carrying out all teeh- 
nical procedures is less than ten minutes. The only time-consuming part of the 
method is that required for adequate hardening of the tissue block, but this 
demands no attention. Hardening sufficient for cutting sections occurs In from 
two to eight hours, depending on the temperature of the media. Cutting, stain- 
ng, and mounting for immediate microscopic examination can be accomplished 
within a few minutes. 

I claim no credit for the development of any item in this teehnique. In 
fact, the procedure described herein merely represents the manner in which I 
have conveniently utilized, with minor modifications, the following well-de- 
veloped techniques—(1) The use of protein for embedding small tissues, de- 
veloped by I. A. Nelson' in 19384. (2) A new principle in the microscopic ex- 
amination of fresh unfixed tissues, developed by Benjamin T. Terry? and first 
reported in| 1926. Terry®:* has since reported numerous improvements in 
technique, 


EQUIPMENT 


1. Keg albumen crystals, 4 ounces. Albumin crystals make much better 
blocks than does powdered egg albumen. Domestic egg albumen crystals are 
superior to imported preparations of the same. These can be purchased at any 
baker's or candy maker’s supply house.t 

2. A sheet of ordinary wrapping cellophane (not waterproof) or patapar 
pareiment papert for making embedding boxes. Either of these can be pur- 
chased at most department stores. Patapar is easier to handle and makes a more 
stable box. 

A small dish, about the size of a one-ounce ointment jar, is satisfactory. 

!. Terry’s safety razor blade microtome. Directions for making this in- 
expensive, clever little apparatus have been published by Terry.* In a forth- 


rom the Department of Gynecological Pathology, University of Oregon Medical School. 
ceived for publication, May 13, 1941. 

obtained this material from Gray and Company, 1305 N. W. Davis Street, Portland, Ore. 
Manufactured by the Patterson Parchment Paper Company, Bristol, Pa, 
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coming publication Terry will describe his safety razor blade ** pocket?’ micro 
tome, A sharp old-fashioned razor may be used for sectioning, but obviously 
is less convenient. 

>. Formalin, 40 per cent (neutral or slightly alkaline), 4 ounces. 

6. A medicine dropper. 

7. Fine-pointed thumb forceps. 

8. Clean cover slips and a microconcavity slide or a special slide such as 
deseribed by Terry.* 

9. A small slice of silk sponge strapped to a glass slide with waterproof 


adhesive tape. 


An easy method of constructing cubical boxes for embedding purposes. The 
block shown above measures *, inch in all diameters, 

10. A fine-pointed camel’s-hair brush or a small inexpensive atomizer for 
applying stain. 

11. Neutralized polychrome methylene blue (Terry)* 0.5 Gm. Place this 
into a clean 2 ounce bottle and add 50 e.c. of distilled water. 

12. A microscope with a good microscopic light. If reflected light is pre 
ferred, a 100 watt, frosted, Mazda electric light bulb, provided with a shade or 
a small photo flood bulb, is reeommended. 


TECHNIQUE 


Firing and Embedding.—Three grams of egg albumen crystals are dissolved 
in 10 ¢e. of tap water. This quantity of emulsion is sufficient for one large- 
sized block, or two small ones. Complete solution of the erystals takes from 
forty-five to sixty minutes, unless the mixture is stirred frequently. This time- 
consuming factor can be obviated by making up reserve quantities of the 


emulsion which can be preserved at refrigeration temperatures for several weeks. 


*This can be obtained from Benjamin T. Terry, 1001 N. Yakima Ave., Tacoma, Wa 
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Containers for blocking are easily made by folding 2! by 4 inch pieces of 
cellophane or patapar into the shape of cubical boxes (Fig. 1). The box is 
placed in a small dish, sueh as the one-ounce ointment jar. The emulsion of 
ege protein is poured into the box, and the tissue (fresh or fixed) is plaeed in 
the emulsion. A single piece of tissue, as large as one square centimeter or 
numerous small fragments of tissue, sueh as small bits of endometrium, can be 
embedded into a single block. The coagulant, 40 per cent formalin, is poured 
into the dish around the box. The Jevel of the formalin should be slightly 
below the level of the emulsoid. By dialysis the formalin gradually permeates 
the emulsoid, fixing the tissue and coagulating the egg protein to form a solid 
block. Tlardenine sufficient for cutting requires from two to eight hours, de- 
pending on the temperature of the media. (After a little experience in palpat- 


ine blocks, the deeree of hardness sufficient for cuttine is easily determined. ) 


A *\ 


Fig. 2.—Low-power view of an endometrial polyp. 


In) incubator at 140° EF. a sufficient hardening ean be secured in about two 


hours, while at a temperature of 70° Ff. adequate hardening may take from eight 


fo ten hours. The box containing the ege emulsion and tissue may, however, 
he | 


in the formalin for twenty-four hours or more without danger of ex- 
cessive hardening. When sufficiently hardened, the bloe¢k is held in running 
Water for a few seconds to remove the excess formalin. The cellophane or 
patapar wrapper peels off easily. After trimming, the block is ready for cut- 
ting, When small fragments of tissue, such as strips of endometrium, are em- 
bedded, it is usually more convenient to divide the block into two or more squares 
befo) sectioning, If it is not convenient to cut sections immediately, the bloek 
shoul’ be immersed in water to prevent drying and cracking. Any portion of a 
block vefore or after cutting can be preserved in tap water for days, or in 5 


per cout formalin for months. Tissue embedded by this method is easily re- 
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Medium-power view of endometrium secured by suction curettage. Chronic endometritis. 


High-power view P cervical tissue (biopsy). Chronic cervicitis. 
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moved from the embedding substance and ean be reblocked (for the purpose of 
securing permanent sections) by some other means, such as the slow paraffin 
method of impregnation. 

Cutting. -The block can be sectioned easily by freehand cutting with an 
ordinary, sharp old-fashioned razor. With little experience satisfactory see- 
tions, Measuring a fraction of a millimeter in thickness, can be obtained. Uni- 
formly thinner and better sections can be obtained, however, by employing 
Terry’s* safety razor blade microtome. Wetting the block frequently facilitates 
eutting. Sections may be washed and stained immediately after cutting or they 
may be placed in water to prevent drying until convenient to stain. 

Staining. Terry's neutralized polvehrome methylene blue is a most satis- 
factory preparation. Only one surface of a section is stained. Overstaining or 
staining more than one surface hinders proper transillumination and clear 
visualization of the tissue. To stain, place a section on a thin slab of wet 
sponge. It not previously washed, vently spurt a few drops of water on the 
exposed surface. Exeessive water will be absorbed by the sponge. The stain 
may be painted on with a fine-pointed camel’s-hair brush or sprayed on with an 
ordinary atomizer. Adequate staining is secured in from one to three seconds. 
The intensity and depth of staining are controlled by washing with water. As a 
rule, properly stained sections are secured by washing almost immediately after 
applying the stain. Washing is easily accomplished by spurting a medicine 
dropper or two full of water upon the stain-covered surface. The underlying 
sponge, if sufficiently wet, will absorb excessive stain and prevent staining of 
the undersurface of the section. After staining, the section must be mounted 
and examined immediately, since it fades fairly rapidly. 

Vounting—The section is placed on a cover slip wath its stained surface 
next to the glass. The cover slip is then inverted and mounted on an ordinary 
microconeavity slide with the section in the cavity. It is now ready for trans- 
illumination and examination. If diffieultv is experienced in transillumination, 
the section either is too thiek or is overstained, 

Eramination._While this method of preparing sections is most satisfactory 
for the examination of tissues under low-power magnification, excellent high- 
power views of most tissues can be obtained if the sections are thin enough and 


stained properly. Photomicrographs of sections prepared by this technique are 














generally unsatisfactory because of thickness of sections and the tendeney of the 
stain to fade rapidly. Figs. 2, 3, and 4 are photomicrographs of sections photo- 
graphed immediately after staining. Obviously, the interpretation of sections 
prepared by this method requires as much knowledge of histology and pathology 
as is needed for the correct interpretation of sections prepared by other methods. 


SUMMARY 








|. A technieally simple, inexpensive method of preparing tissues for 
Meroscopie examination is presented. 
: 2. The method is applicable in the office as well as in the laboratory. 
3. Because of the time required for embedding, the method cannot be ¢om- 
pared with frozen section technique for speed. 
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4+. With little experience sections «can be secured that are as @ood as, if 1m 





better than, the average frozen section. 






». Serial sections of biopsy specimens can be secured quickly and at less 





expense than by any other method I know. 






6. This method should be particularly useful in the office practice of su 





geons and gynecologists, who through adequate training, have aequired a good 





knowledge of micropathology. For instanee, in my office it has been partic 






larly useful for the examination of biopsy specimens of lesions of the vulva, 





vagina, and cervix, as well as for the examination of endometrium obtained } 







suction curettage. 
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ty THE many methods and great variety of reagents that have been used 
to test the fragility of red blood cells only one has been found to hav 


practical value as an aid in diagnosis. Hypotonic solutions of sodium chlorid 






} 


are used to test the fragility of erythrocytes in hemolytie jaundice and obstruce 






tive jaundice and have been reported as a prognostic guide in pneumonia.' 1 





test has been applied to many diseases, but a review of literature does not revea 






any systematic study in which several types of hemolytic agents were used to 







test the streneth of red blood cells from a number of different diseases. This 





study is based upon the use of a comparatively short method which is adapt 


for the use of several kinds of hemolytic agents. The method has been app!ied 






to red blood cells from normal individuals and patients with various diseas: 






REAGENTS 











As a neutral salt sodium chloride was used in hypotonic solutions. 
hemolytic property is believed to be due to osmosis, although various exp!na- 


*From the Department of Pathology, Northwestern University Medical School, Chic 
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tions are presented concerning its mode of action.*»* Because it has been so 
widely used by other investigators, it is a good ‘‘yardstick’’ for comparison ot 



















results. 

The hemolytic properties of acids and bases are believed to be due to a 
more complex action. It may be that they change the physical state of the 
cell proteins* or that the action may be concerned with the respective H and 
OH ions of the acids and bases.° Lactic acid and sodium carbonate were 
chosen to represent the acid and base hemolysins, respectively, because they are 
less toxie than the stronger agents of this group. A reaction which took place 
between lactic acid and the hemolysis products clouded the system and made 
accurate readings difficult. Because of this, it was excluded from this report. 

Sodium oleate was used as a representative of the soaps whose lytie proper- 
ties are now attributed to their action on proteins.* This is contrary to the 
former interpretation, which considered the effects of those active hemolysins to 
be derived from their lipoid solvent characteristics. 

Saponin represented the glucoside lysins. Its hemolytic properties are 
probably due to its reaction with the cell proteins to a far greater extent than 
with the lipoids. 

Aleohol was used as a lipoid solvent hemolysin. It is a rather weak hemo- 
lysin, but gives a very definite end point. A protein precipitate forms in the 
system a short time after hemolysis is complete, but does not enter into con- 
sideration within the time limits of the method to be described. 


METHOD 














From 38 to 5 ¢.e. of blood were drawn from the antecubital vein into dry, 
sterile syringes and transferred immediately to sterile test tubes containing 
potassium oxalate. It was found that this anticoagulant does not alter the 
lytic properties of red blood cells. The cells of the fresh, oxalated blood were 
washed four times in 0.9 per cent sodium chloride solution and centrifuged ten 
minutes after each washing at a medium speed. At the rate used (1,400 to 
1,500 r.p.m.) there is very little mechanical damage to the cells. An average 
of 24 ec. of packed cells was recovered from 5 ¢.e. of normal blood. Suspen- 
sions of washed cells were prepared in the proportion of 2.4 ¢.c. of erythrocytes 
to 97.6 ¢.e, of 0.9 per cent sodium chloride solution. 








TABLE I 


AGENT ——™” PER = CONCE! 




































Test tube No. az. | 3 4 | | 8 | 9 | 10 
Sodium chloride | 0.075 | 0.150] 0.225) 0 300) 0.37 s|oa50| pea Dn 0.675 | 0.750 
Saponin (x10-2) 0.833 | 0.667} 0.500) 0.433) 0. 333) 0.287 | 0.250 | 0.220 | 0.200 | 0.180 
Sodium: carbonate | 0.225 | 0.180} 0.135) 0.090} 0.067 | 0.037 | 0.030 | 0.022 | 0.015 | 0.007 
Sodiun, oleate (x10-2) | 0.125 5| 0 100) 0.083) 0.067 | 0.050} 0 ve 2 | 0.033 | 0.025 | 0.017 | 0.008 
Ethyl «lcohol 2850 123.75 | 20.58 | 15.83 12.67 17.92 16.33 14.75 |3.16 | 1.58 





series of ten hemolysis tubes was set up for each lysin, consecutively, 
using varied quantities of stock solutions with 0.9 per cent sodium chloride as 
dilue: These tubes, together with a tube of red blood cell suspension, were 
Placed in a constant temperature bath set at 37° C. + 0.2 degree. When the 
Conteii's of the tubes reached a temperature of 37° C., an equal quantity of 
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the suspension was added to each tube of lysin and mixed by inverting once, 
All measurements were made with dry, chemically clean, burettes and pipettes. 
Care was used to keep all conditions as uniform as possible. 

Table I shows the concentrations of each lysin. 

The insulated water bath was arranged so that a strip of glass was left 
free across the front and back, with an equal distribution of light passing 
through the container. If hemolysis was completed in less than thirty minutes, 
the time necessary for completion was recorded. It is relatively simple to read 
complete hemolysis because the contents of the tube become clear. At the end 


of a half-hour period the degree of hemolysis in all tubes was estimated and re- 


corded. The thirty-minute period proved optimum for securing hemolysis in 
a fairly wide dilution range of the lysins, and allowed less time for a new 
eolloid-crystalloid adjustment in the cells, or for change of any hemolysis prod- 
ucts set free in the tubes. 


RESULTS 


Average values for each lysin were first made by testing their effect on 


erythrocytes of normal individuals. Thirty-five persons were used, ranging in 


age from 5 to 84 years. The level of hemolysis of different individuals varied 
considerably, but variation in age had no significant effect on the reaction of the 


cells. 
TABLE II 


COMPLETE HEMOLYSIS 


SODIUM SODIUM ETHYL SODIUM 


SAPONIN ; ; 
ARBONATE OLEATE ALCOHOL CHLORIDE 


0.219 
0.175 
0.206 
0.713 
0.195 
0.165 
0.175 
0.188 
0.203 
0.188 
0.175 


0.225 


Normal 35 0.542 066 0.055 
Pernicious anemia ‘ 0.344 O74 0.055 
Secondary anemia | 0.327 078 0.062 
Obstructive jaundice 0.310 084 0.064 
Pneumonia 285 064 0.052 
Searlet fever 341 072 0.062 
Sepsis 372 .073 0.064 
Meningitis ij .055 0.057 
Tuberculosis 37 072 0.054 
Carcinoma Bs} 076 0.063 
Sarcoma { Bs 3} O82 0.055 
Syphilis : olf 071 0.0538 


So 


Voruct crcl 
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THRESHOLD OF HEMOLYSIS 


Normal 35 195 020 0.036 ; 0.456 
Pernicious anemia ¢ 1938 .015 0.026 0.525 
Secondary anemia 193 024 0.033 
Obstructive jaundice | - 180 024 0.085 
Pneumonia 10 197 031 0.035 
Scarlet fever 10 194 014 0.038 
Sepsis 9 .207 017 0.038 
Meningitis 10 180 009 : 0.034 
Tuberculosis 10 180 012 0.030 
Carcinoma 10) 204 023 0.037 
Sarcoma 9 193 .024 | 0.031 
Syphilis 9 0.191 | 029 | 0.038 
+ indicates statistical significance. 
Tests were then made of the red blood cells of patients with various dis -ases: 
Table II gives a summary of the average values for beginning and com) «tion 


of hemolysis. 





litt 
POs 
stit 
ran 
the 


few 
dias 
ine 
CASE 
the 

and 
Dal 


Sisté 


nor 
lung 


whi 
Hoy 
had 
men 


WIECZOROWSKI-FISHBACK : TYPE HEMOLYTIC REACTIONS 
DISCUSSION 


In analyzing Table Il two conditions are evident which lower the statistical 
significance of the results. One is the limited number of cases studied, only 35 
for the normal figures, and still less for results in each of the diseases studied. 
It is realized that increasing the number of cases taken at random improves 
the statistical accuracy. Practically, however, one is limited as to the number 
of patients available. Furthermore, the objection as to numbers of cases is 
mitigated by the rather low swings from average in the individual case studies. 

A further statistical objection relates to the lack of fineness of gradation 
in the hemolysis tests themselves when only ten tubes are used. However, the 
tests were formulated so that the hemolyzing zone would be found in the central 
tubes in normal cases. A swing to the right or left in abnormal cases would 
still be recorded within the given number of tubes. In a very large series of 
tests, adding still further to the number of tubes obviously would improve the 
statistical evidence of trends in the results within narrow limits, but would not 
improve the accuracy of the test. 

It appears from the recorded results that the red blood cells are rather 
well adjusted to possible changes in the blood during disease. At least there is 
little evidence of variation from normal in the resistance of the cell when ex- 
posed to substances which affect either osmotic factors or protein or lipoid con- 
stituents of the cells. Even when the averages were altered significantly, the 
range of concentration at which hemolysis occurred was, in most instances, within 
the range at which cells from normal persons were hemolyzed. 

This seems to be the ease in reports of other investigators also; that is, 
few have found any consistent reaction of the red blood cells that would be of 
diagnostic value. Trends are indicated but individual cases often vary from 
increased to decreased resistance when testing several cases with the same dis- 
ease, as reported by Hill® and Simmel® on pernicious anemia. Randall* found 
the red blood cell resistance in pernicious anemia to be decreased, while (iffin 
and Sanford,® and Cassells'® report an increased resistance. On the other hand, 
Daland and Worthley'™ record normal maximum and decreased minimum re- 
sistance. All these investigators used hypotonic solutions of sodium chloride to 
test fragilitv. When saponin was the hemolysin, the reaction either was normal 
or showed a decrease in resistance.'?"!4 

Needles! found a definite relationship in pneumonia between the resistance 
of red blood cells to hypotonic sodium chloride and the amount of lung tissue 
involved. Although there is a significant increase in mean resistance indicated 


in Table IT, the data in these experiments show that many eases fall within 


horma! range, and there is no such correlation of the resistance and extent of 
lung i) volvement. 

Diiverent results might have been obtained had the cells been unwashed, in 
Which vase possible changes in the serum would have played an important part. 
Howey. , since this group of experiments was on the cells themselves, the serum 
had to be eliminated by washing in order to make the conditions of the experi- 
ment as uniform as possible. 
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SUMMARY 


A method for testing fragility of red blood cells with a variety of type 
hemolytic agents is presented. 

The hemolytic level of human red blood cells with various lysins is indif- 
ferent to the factor of age, from 5 to 84 years. 

Results of applying this method to red blood cells from patients with 


pernicious anemia, secondary anemia, obstructive jaundice, pneumonia, scarlet 


fever, meningitis, sepsis, tuberculosis, carcinoma, sarcoma, and syphilis are 
recorded. 
No significant changes of new diagnostic value were found in the erythro- 


eytes with the method employed. 
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SIMPLIFIED METHOD FOR BIOLOGICAL DIAGNOSIS OF 
PREGNANCY* 


S. AscHHEIM, M.D., New Yorn, N.Y. 


HE biologie diagnosis of pregnaney, which | discovered in 1927, is based 

on the presence of gonadotropin in the urine and in the serum of pregnant 
women. My original method is as follows: 

Kor the examination of every urine specimen, one needs five immature 
female mice, 3 to 4 weeks old and weighing 6 to 8 Gm. The total amounts in- 
jected subcutaneously into the five animals vary, but in every case six equal 
injections are made, distributed over forty-eight hours. 

The first animal receives six times 0.2 ¢.¢. (total 1.2 ¢.¢.), the second animal 
six times 0.25 ¢.¢. (total 1.5 ¢.¢.), the third and fourth animals six times 0.3 ¢.e. 
(total 1.8 ¢.¢.), and the fifth animal six times 0.4 ¢.¢. (total 2.4 ¢¢.). Vaginal 
smears are made from the third day on. After ninety-six hours the animals 
are autopsied. 

The ovaries are examined with the naked eve, or better, with a hand lens. 
The presence of hemorrhagic follicles and of corpora lutea is considered indica- 
tive of pregnancy. This method gives from 98 to 99 per cent correct results, and 
only from 1 to 2 per cent erroneous results. 

Applhiation of the same method to female immature rats does not give better 
results than with the mouse. All modifications of the method are based on the 
same principle, namely, looking for gonadotropin in the urine or the blood. 

The modification of Friedman, which uses the adult female rabbit, can 
give a positive result twenty-four hours after intravenous injection of from 
7 to 10 ¢e. of urine. The modification of this Friedman method, as used by 
Brouha, gives the result in forty-eight hours. One injeets 5 ¢.e. of urine on 
the first day, and 5 ¢.e. on the second day, into the ear vein of the female rabbit. 
Ovulation and the presence of hemorrhagic follicles are signs of the action 
of the gonadotropin. 


a 


Other modifications are the ones by Brouha-Simonnet’ '* and Kraus.? These 
authors use immature male mice or rats whose seminal vesicles increase in volume 
after daily injections of pregnaney urine during seven or eight days. This 
increase in the volume of the seminal vesicles is caused by the action of gonado- 
tropin on the testicles, especially on the interstitial cells of Leydig, whieh manu- 
facturs the male hormone; this male hormone in turn produces an overgrowth 
of the seminal vesicles. 

Bourg? has employed a male rat and a female rat, both immature. He 


Injects 1.1 ¢.e. of urine daily for five days and studies the seminal vesicles in 


the male and the ovaries in the female. 


inslated from the French by Alfred Plaut, Beth Israel Hospital, New York. 
ived for publication, May 24, 1941. 
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Shapiro and Zwarensteint have employed the South African clawed toad, 
Xenopus laevis, as a test animal. After injection of pregnaney urine, the 
animal will lay eggs after ovulation has been stimulated. The result can he 
studied six to eight hours after the injection. Elkan?’ has obtained satisfactory 
results with this method. 

If I have tried to find a simplication of the method, my reason for this 
was not the hope of improving the results. External factors have induced me 
to look for a more economical method as far as material, working time, and 
expenses are concerned, in short, a method adapted to present conditions. The 
reasons are the following: 

My original method with the five mice, and its modifications, require much 
work because injections have to be made frequently, and the same applies to 


the exploratory laparotomy in the female rabbit. 


TABLE I 


RABBIT TEST REMARKS 


Normal pregnancy 

6-8 weeks = Of these 35. tests, 24 positive Two false negatives 

9-12 weeks 33 were positive, 2 negative with the rabbit test 

13-20 weeks ) none negative. 2 rabbits died 

28-36 weeks Two rats died In 7 cases no rab 

Unknown bit test was made 

Abnormal pregnancy Positive Not made 

3 months tubal, one 

day after operation 

for rupture 

Two months tubal Positive Positive 

gestation 

Same case Negative Negative Operation revealed 

5 weeks later an old tubal abortion 

Missed abortion Negative Negative 

(intrauterine ) 

Nonpregnant women 30) Negative 10 not made Three false negatives 

(amenorrhea, menor 17 negative with the rabbit test 

rhagia, menopause, 3 positive In the menopause and 

castration, myo after castration the 

mas) rat test was negative 
even with 1 « of 
urine 

Teratoma of testicle ] Negative Negative 


NOTE: There were no false results with the new rat test (two rats died). 


Buying the animals is expensive. That is why I have put to myselt the 
question how it is possible to simplify the method by using immature female 
rats four to five weeks old. 


Applying the original method to immature rats has never appeared ad- 


vantageous to me. The hemorrhagic follicles are often absent, and sometimes 
the corpora lutea are difficult to distinguish from the interstitial tissue w the 
naked eye. 

Why then did I choose the female rat as a test animal? 

The Third International Conference on the Standardization of Hormones 
of the Health Organization of the League of Nations,“ at whieh I was present, 


recommended creating an international standard for the gonadotropiv sub- 
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stance obtained from pregnancy urine. The Conference decided that the in- 
ternational unit would be defined as representing the specifie gonadotropie ac- 
tivity of 0.1 mg. of a standard prepared by mixing numerous samples. This 
standard has been examined by numerous workers in order to determine its con- 
tent of rat units. 

It is agreed that a rat unit is the number of international units which 
produees in 50 per cent of the immature rats, injected subcutaneously during 
two or three days, vaginal keratinization. Formation of keratinized cells in 
vaginal smears is known as the Allen-Doisy test. It must be understood, how- 
ever, that preparations of gonadotropin from pregnancy urine must not contain 
estrogen. The absence of estrogen can be proved by injecting the gonadotropin 
into castrated animals. Under these conditions the method for determination 
of gonadotropin in pregnancy urine can be used for commercial preparations 
in spite of the fact that the method is based on an indirect effect and not on an 
ovarian change. In the method I have called the simplified method of the 
pregnancy reaction, | rely entirely upon vaginal smears (the Allen-Doisy test ) 
without entering into the question whether the reaction is caused by gonado- 
tropin in the urine or by estrogen. As I have shown, the estrogen also is pres- 
ent in considerable quantity in the pregnancy urine. It also is possible that 
both hormones act simultaneously. 

The method is the following: To two female immature rats, 4 to 5 weeks 
old, weighing 22 to 35 Gm. (the weight figures apply only to our strain), one 
subcutaneous injection of 0.5 ¢.¢, of the urine to be examined is given. Vaginal 
smears of both rats are made seventy-two, eighty-four, and ninety-six hours 
after this single injection. 

If the urine comes from a pregnant woman, only epithelial cells without 
free mucus and without leucoeytes in the vaginal smear are found after seventy- 
two hours (often already after sixty-six hours). After eighty-four to ninety- 
six hours keratinized cells (seldom mixed with a few epithelial cells) are found. 
The keratinized cells constitute the criterion of the positive reaction. 

The animals need not be killed. They may be used for other experiments, 
for instance castration. 

lf an autopsy is performed, easily visible follicles in the ovaries are found. 
Corpora lutea are seldom seen, and the uterus is found enlarged. Since animals 
of the same age and weight, which have not been injected, may also show visible 
follicles, this fact is not of diagnostic value. Only the fact that the vaginal 
smears contain the keratinized cells after a single injection of 0.5 ¢.c. of urine 


IS Important and can be used for the diagnosis of pregnancy. 


The following objections may be raised against this method: 

1. The Allen-Doisy test proves only an estrogenic effect. In the castrated 
anima! (rat, mouse) it proves that the fluid injected contains an estrogenic sub- 
Stance 

Ii the noneastrated immature animal the Allen test indicates that in the 
injected! fluid there is either an estrogenic substance acting directly on the vagina 
or a go.adotropie follicle-stimulating substance which acts by the intermediation 
of the ovary on the vagina. Or, finally, a hypophyseotropie substance which 
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stimulates the anterior lobe of the pituitary and makes it produce and secrete 
follicle-stimulating hormone. This substance thus would act upon the vagina 
by way of two intermediary organs, namely, the pituitary and the ovary 

Kstrogenic substance is not eliminated in the urine in sufficient quantity, 
so that 0.5 ¢.¢. in a single subeutaneous injection could lead to a positive Allen- 
Doisy test except in pregnancy. Normal women excrete less than 1,000. units. 
The presence of from 300 to 500 mouse units per liter indicates abnormally 
increased secretion of estrogen. 

The amount of estrogen also is increased in women who bear granulosa 
cell tumors of the ovary. Several hundred mouse units have been found per 
liter of urine, but so far one has not observed an exeretion of 6,000 units per 
liter, and this is the minimum necessary for giving a positive reaction in the 
immature rat after a single injection of 0.5 ¢.¢. The abnormal estrogen secretion 
which sometimes is found in women who have follicular cysts, or fibrocystie 
ovaries, remains below 6,000 mouse units per liter. 

Only in the second half of pregnancy does the elimination of estrogenic 
substance rise to several thousand mouse units (6,000 to 40,000, and higher 
per liter of urine. 

Thus, if an immature rat, after receiving an injection of 0.5 ¢.¢. of urine 
of a woman, gives a positive Allen-Doisy test, one can conclude that it was 
the urine of a pregnant woman that has produced this reaction. 

2. One can object that the follicle-stimulating gonadotropic substance of 
hypophyseal origin, which also is eliminated with the urine, might falsify results. 
But this elimination usually does not exceed 30 rat units per liter; it seldom 
reaches 75 rat units in the normal woman. In women with physiologic or artl- 
ficial menopause (operation or x-ray) the amount of follicle-stimulating hor- 
mone is elevated in the urine. But so far no elevation to 2,000 rat units, which 
would correspond te 4,000 mouse units, has been found. The highest known 
figures are 1,000 mouse units. One rat unit of the follicle-stimulating hormone 
corresponds to two or three mouse units; conversely, in the case of gonadotropin 
obtained from pregnaney urine (placental origin), one mouse unit corresponds 


to five rat units. 


Occasionally women with primary amenorrhea eliminate gonadotropic fol- 


licle-stimulating substance in a large amount, but in my experience not more 
than 1,000 mouse units. Furthermore, clinically in these women who aiways 
have an atrophic uterus, the question of pregnaney does not present itsel! 

3. Increased elimination of follicle-stimulating hormone (and seldom also 
the 
ot 


of luteinizing hormone) in women with cancer of the cervix or eancer 0! 
vulva has been observed. I have examined about 100 such women, mos! 
whom were in menopause. I have seldom found increased elimination in carcer 
patients who still menstruated. The figures in these cases did not exceed 1.000 
mouse units. I have not yet done quantitative studies of these cases with iima- 
ture rats, but I do not believe that we could obtain a wrong result with [his 
simplified method by injecting only 0.5 ¢.c. of urine. 
4. The eases of persisting corpus luteum sometimes have given a} 


reaction with mice or rabbits. These cases are very rare and one has to 
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a long time before one encounters a case in which the differential diagnosis be- 


tween extrauterine pregnancy and persistent corpus luteum is of importance. 
In such cases the simplified method perhaps will be better than the other 
methods. 

5. Cases of chorio-epithelioma and of teratomas of ovaries, and of other 
organs Which give a positive reaction in the mouse and the rabbit, have not yet 
been examined with the rat method. In tumors which contain chorionic cells 
no biologie method can give a differential diagnosis between pregnancy and 
tumor. 

6. The combined excretion of estrogen and gonadotropin in quantities, which 
would give a positive reaction, in our present stage of knowledge cannot be 
expected, except for chorio-epithelioma or teratoma. 

The physician must know that such rare cases exist and must consider them 
during his clinical examination. 

The biologic pregnancy test must not replace exact clinical examination. 
Close collaboration between the physician and the laboratory man is always 
necessary. 

Thus, we have seen that all the objections against the simplified method can 
be refuted. 

I have chosen 0.5 ¢.¢. for injection. In some cases I have injected only 
0.2 ¢¢., and I have obtained positive results, except in one case in which 0.5 
¢¢, gave a positive result while with 0.2 ¢.¢. the result was negative. I must 
continue these tests for if a lower dose than 0.5 ¢.¢. should give the same results, 
all objections against the method would become even weaker. Meanwhile, | 
propose the dosage of 0.5 ¢.c. 

In five eases of pregnancy I have given a single injection of 1 or 2 ¢.e. of 
urine to male immature rats in order to see whether or not the simplified method 
is also applicable to the male. This method would have to be based on the 
increase in size of the seminal vesicles (Brouha-Simonnet, Kraus). Since | 
could not see such an inerease ninety-six hours after the injection, I believe 
that the simplified method eannot be applied to the male immature rat. 
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AN IMPROVED POLYCHROME METHYLENE BLUE EOSINATE* 


Louis MIicHELSON, BETHESDA, Mb. 


apie coiengsmgncnn variation in the effectiveness of staining malaria parasites 
is found in using different lots of Wright's stain purchased on the open 
market. Frequently malaria parasites stained by Wright's technique are either 
understained or are otherwise poorly differentiated. Experiments reported here 
were undertaken in an attempt to produce a stain with a strong affinity for 
blood parasites. Several eosinates of methylene blue polychromed with various 
agents were made and tested. The eosinate of methylene blue polyehromed with 
sodium hydroxide was found to be unstable and of inferior staining quality, 
However, methylene blue polyechromed with sodium hydroxide and then treated 
with sodium bromide, prior to the addition of the eosin solution, proved effective. 
Six lots prepared by this procedure have given the desired staining effect, and 
after more than six months each lot is still stable both in powder and in solution. 
It is believed, therefore, that this technique provides a reliable method for uni- 
form staining of blood parasites. 

The stain is prepared as follows: One gram of methylene blue chloride 
(certified) is dissolved in 100 ¢.c. of N/100 sodium hydroxide (carbonate free’ 
in a ground glass-stoppered bottle of about 500 ¢.c. capacity. Best results are 
obtained when not more than one-quarter of the bottle is filled by the solution 
during the polychroming process. The solution is heated in a water bath at 
59° C. for two and one-half hours. The bottle stopper is loosened slightly be- 
fore heating and at half-hour intervals the solution is shaken vigorously for 
about a minute. At the end of two and one-half hours, 1 Gm. of sodium bromide 
is added and dissolved in the polychromed methylene blue, and the solution is 
again heated in the water bath for another two and one-half hours, allowed to 
cool, and filtered. 

To the polychromed methylene blue filtrate is added 60 ¢.c. of a 1 per cent 


aqueous solution of eosin ‘‘Y’’ (certified water and alcohol soluble), and 


mixed well with a glass stirring rod. More eosin is added in 5 ee. amounts 
until the solution between the precipitated particles has a reddish tinge. This 
is best observed by letting a little of the precipitate from the solution run down 
the inside of the upper portion of the beaker. Generally, about 80 @.c¢. of the 
The 
The 


eosin solution give the desired maximum precipitation of the eosinat 
precipitate is allowed to stand for from eighteen to twenty-four hours 
precipitate is then collected on hard filter paper in a Buchner funne! with 
vacuum until the precipitate is sufficiently dry to erack. The precipitate is 
allowed to dry completely in the incubator at 37° C., and then ground t 
powder in a mortar. The powder is stored in a small tightly stoppered glass 
bottle. 


*From the Division of Infectious Diseases, National Institute of Health, Bethesd 
Received for publication, May 24, 1941. 
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In making the stain 0.1 Gm. of the powder is dissolved in 60 ¢.¢. of absolute 


methyl aleohol, acetone free. The stain is allowed to stand two to three days, 


occasionally shaken, until the dve appears to be completely dissolved. The stain 
solution is filtered and stored in a small tightly stoppered bottle. 


STAINING TECHNIQUE 


1. Cover a thin blood film with 0.5 ¢.e. of stain and allow to fix for one 
minute. 

2. Dilute the stain with 2 ¢.c. of phosphate buffer solution, mix thoroughly, 
and allow to stain for three minutes. A pH range of 6.4 to 7.0 for the phosphate 
buffer diluent is satisfactory. When suitable diluent is added, an iridescent 
scum is formed over the stain. Best staining results are obtained with freshly 
made diluents, not more than one week old. 

3. Wash by flooding with distilled water. Air dry and examine. 

This technique is simple and rapid, and has yielded uniform and superior 
results. It is easy to obtain stained preparations free from precipitated stain. 





CHEMICAL 


A COMPARISON OF THE BODANSKY AND FISKE-SUBBAROW 
METHODS FOR THE DETERMINATION OF INORGANIC 
PHOSPHORUS* 


JOSEPH M. Loonry, M.D., AND Cora G, Dyer, M.S., M.T. 
WoRCESTER, MaAss. 


URING the course of our investigations of the physiologic functions in 

schizophrenic patients, a study was made of the serum phosphatase levels 
This necessitated a change in the technique of phosphorus determinations from 
the Fiske-Subbarow' method previously used to that of Bodansky.?:* As the 
phosphorus values seemed to run lower by the new method, duplicate analyses 
of 19 sera were made by the two methods. The results of these analyses are 
given in Table 1. The values given under the stannous chloride method have 
been corrected in accordance with the instructions of Bodansky. Because two 
cases did not have dupheates by both methods, the statistical analysis was 
carried out for only 17 samples. 

It will be noted that despite these corrections the use of the Bodansky 
technique gives lower values than that of Fiske and Subbarow. The correla- 
tion between the two methods is 0.87, and the values of the Fiske method can 
be calculated from those obtained by the Bodansky technique after applying 
his corrections by applying the following regression equation : 

Y 0.7784 X + 0.9511 
where Y inorganic phosphorus Fiske, and 
X inorganic phosphorus Bodansky corrected. 
The equation for the uncorrected Bodansky value. is 
Y 0.973 X’ + 0.327, 
where X’ is the uncorrected Bodansky value. The error of estimation by these 
equations is + 0.18 mg. 

The mean value obtained by the Bodansky method was 3.12 + 0.1 me. per 
cent, while that by the Fiske method was 3.31 0.1. These values were trom 
a group of chronie schizophrenic patients and are lower than those found 1 
the acute stage of the disease.‘ 

Since the two series show a high correlation, in order to test for significance 
of the difference between the means, it is necessary to use the expanded formula 
for the standard error of the difference: 


V E,? + E,? —- 2r (E,E,) 
where E, and E, are the standard errors of the means, and r is the corre!ation 


coefficient between the two sets of observations. In this case the standard crror 


*From the Memorial Foundation for Neuro-Endocrine Research and the ! irch 
Service of the Worcester State Hospital, Worcester. 
Received for publication, November 3, 1941. 
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of the difference is 0.051, and since the difference between the means is 0.19, the 
ratio between these is 3.738, which is highly significant. The probability that 
this difference could oceur by chance is less than 0.0003. 

The duplicate determinations by the Fiske method using 1, 2, 4 amino- 
naphthosulfoni¢ acid as the reducing agent show much closer agreement than 
do those using stannous chloride. The variance within samples for the first 
method was 0.0045, while that for the second method was 0.0138. This dif- 
ference in variance of three times is highly significant in a sample of 17 dupli- 
cates, and indicates that the precision of the Fiske method is mueh higher than 
that of the Bodansky method. 


TABLE I 


SERUM INORGANIC PHOSPHORUS 
(mg. per 100 mil.) 
BODANSKY METHOD FISKE METHOD 
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T e reduction by stannous chloride was followed in the photoelectric colorim- 
eter. The maximum reduction occurred almost instantaneously and remained 
constar t for approximately ten minutes. Slight variations in the strength of 
acid ov molybdate produce marked changes in the depth of color. These changes 
are noi so important when the unknown is read against a standard solution but 
‘an les to considerable errors when read in a photoelectric colorimeter and 
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compared to a standard curve. The method, however, is about six times more 
sensitive than the Fiske method, so that determinations can be made on smaller 
amounts of material. 

The deviation from Beer’s law is due to the reduction of the uneombined 
molybdie acid, and the precautions outlined by Bodansky must be followed in 
order to minimize this reduction, as shown in the blank. <All alkaline solutions 
must be stored in paraffined bottles and the N 10 sulfurie acid should be kept 
in a pyrex glass container to prevent the contamination of the solutions by 
silicates. This effect of silicates has been noted by Roe and Whitmore.’ 

Jerenblum and Chain®* have noted similar difficulties in the use of stan- 
nous chloride as a reducer and have devised a method for overcoming this by 
extracting the combined phosphomolybdie acid with isobutyl alcohol to remove 
the excess of molybdie acid. This method, though capable of giving accurate 
results on dilute solutions, requires several extractions and washings, which are 
somewhat of a nuisance when many determinations must be carried out. 


SUMMARY 


Duplicate analyses for inorganic phosphorus were made on sera from 17 
schizophrenic patients by both the Fiske-Subbarow and the Bodansky methods. 
Readings were made on a Lange photoelectric colorimeter. The deviation from 
Beer’s law produced in the Bodansky method, using stannous chloride as the 
reducing agent, is not completely compensated for by the corrections applied 
by Bodansky. The variance of the Bodansky method is 0.0138 as compared 
with 0.0045 for the Fiske-Subbarow method. 


By the use of a photoelectric colorimeter and comparison with a standard 


curve, the error of the Bodansky method due to deviations from Beer’s law may 
be kept at a minimum provided that extreme care is taken in duplicating the 
reagents used. A known phosphorus standard should be included in each 
series of unknowns as a check on the reagents. If a photoelectric colorimeter 
is not available, reasonably accurate estimations can be made by application 
of one of the formulas given to the values obtained with a Duboseq type colorim- 


eter. 
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ESTIMATION OF VITAMIN D IN BLOOD SERUM* 


VITAMIN ID IN HuMAN SERUM DURING AND AFTER PERIODS OF 
INGESTION OF LARGE DOSES OF VITAMIN D 


JOSEF WARKANY, M.D., GeorGE M. Guest, M.D., AND 
FRANK J. GRABILL, M.S., CINCINNATI, OHIO 


[* THE two preceding papers of this series’? a method for the estimation of 


the vitamin D content of blood serum was described, and data were presented 
on the vitamin D content of blood sera from persons taking a normal diet with- 
out added vitamin D. In 155 samples of sueh human blood serum the average 
concentration of vitamin D was found to be 110 U.S.P. units per 100 ¢.e.; but 
values between 66 and 165 units per 100 ¢.c. were regarded as within normal 
limits, especially when assays of individual samples of serum were based on a 
small number of line tests. No significant difference was found between the 
vitamin D content of sera of normal children at ages beyond infancy and the 
sera of adults. 
The present report deals with similar assays of the concentration of vitamin 
D in the blood serum of adult patients examined at varying intervals during 
and after periods in which large daily doses of vitamin D were prescribed. These 
persons were suffering with mild or moderately severe chronie proliferative 
arthritis of several years’ duration. For the opportunity to study them we 
are indebted to Dr. Stanley E. Dorst, of the Department of Medicine of the 
University of Cincinnati. While these patients were treated with vitamin D, it 
was thought that the assay of the vitamin D content of their blood sera at 
different times might add information concerning the metabolism of vitamin D in 
the body. The use of large doses of vitamin D in the treatment of chronic 
arthritis has been described by numerous authors (see review of this subject by 
Abrams and Bauer*). It is not our purpose to discuss here the merits or 
demerits of this form of therapy, but merely to describe the changes in concentra- 
tion of vitamin D which were found in the blood serum of these patients follow- 
ing ihe ingestion of large doses of vitamin D. Assays of vitamin D in single 
samples of blood serum from children receiving equally large daily doses of 
Vitamin D for various therapeutic reasons have yielded data essentially similar 
to those reported here. 
or use in these investigations two preparations were supplied by the manu- 
facturers. The Winthrop Chemical Company, New York, furnished a solution 


At rom the Children’s Hospital Research Foundation and the Department of Pediatrics, 
Univer: ity of Cincinnati College of Medicine, Cincinnati. 
Received for publication, December 14, 1940. 


597 





DDS THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


of crystalline vitamin D, in oil, 1,000,000 units per gram, and the W. 8S. Merre|] 
Company, Cincinnati, furnished capsules each containing 50,000 units of vios- 
terol in oil. 


METHODS 


In biological assays of blood sera, which may vary considerably in vitamin 
I) content, it is useful to perform preliminary tests to ascertain the range in 
which the vitamin D concentration falls. Another assay is then performed by 
administering to a series of rats different amounts of serum, varying by smaller 
increments within the range of dosage established by the preliminary test. If 
the results of duplicate line tests in this series do not prove uniform, a third 
assay may he necessary. Since several weeks may elapse sometimes before the 
final results are obtained, it is important to prevent bacterial contamination of 
the serum and also to prevent deterioration of its vitamin D content. Both ob- 
jectives have been achieved by freezing and drying the serum, either the whole 
sample or the portion not used in the preliminary assay. Such dried serum 
samples can be stored and then dissolved at any convenient time when needed for 
further assays. The drying of the serum offers another advantage if the vitamin 
D) content of the serum is low. In such cases the amounts of serum required 
to initiate healing in rachitie rats may be so large that its administration to 
the rats may be difficult. Since the dried material can be redissolved easily in 
one-fifth its original volume of water, the volume of the serum to be administered 
ean be greatly reduced. This smaller volume also makes possible the administra- 
tion of the serum directly to the rats in doses accurately measured by pipette, 
method of administration preferable to mixing a test material with the rachito- 
genie diet. 


METHOD AND PROCEDURE FOR DRYING SERUM 


A method of drying of biological materials in the frozen state has been 
deseribed by Shackell* as early as 1909. The desiccation of sera and other 
biological products, including microorganisms, in the frozen state was accom- 
plished by Elser, Thomas, and Steffen. The method was further developed 
by Flosdorf and Mudd.* For our purpose a simple and inexpensive method was 
desirable, and we used an apparatus and a procedure which are essentially iden- 
tical with that described by Cooper and Grabill,’ the only difference being that 
vials of serum are substituted for the bacterial cultures. In this method the 
serum is first frozen in a dry ice bath and then dried in vacuo, the water bei 
absorbed by a suitable chemical desiccant. The availability of the apparatus, i 
simplicity of construction and operation, and the economy in time, together wit 
the satisfactory results obtained, prompted us to employ it. 

The equipment for the drying of the serum consists of a vacuum pun)| 
Woulf Bottle of 2 liter capacity, serum vials with stoppers* (Fig. 1), a desic: 
such as ‘‘Drierite,’’ glass connections, and other accessories, such as ru 
stoppers and pressure tubing. Our routine procedure is as follows: 

Five cubie centimeters of human serum are frozen in 10 e.e. vials 


position illustrated in Fig. 1A. In order to insure the proper drying condi! 


*The serum vial stoppers were purchased from the F. J. Stokes Machine Co., Phila 
Pa. 
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the liquid serum should never occupy more than one-half the volume of the 
container. It is essential to establish a relationship between the volume ot serum 
and the evaporating surface; the depth of the serum at the time of freezing 
should not exceed 15 mm. By rotation the serum may be shelled in the container 
while freezing in order to increase the evaporating surface during the desiccation 
process. The dry ice bath is prepared by adding crushed dry ice to a liquid 
which does not freeze above —72° C.; alcohol or acetone is suitable. When the 
bath has become completely cooled, which is indicated by the absence of carbon 
dioxide bubbles, the vials containing the serum are submerged (Fig. 14) and 
allowed to remain in the bath for approximately thirty minutes. After freezing, 


ee ////// Uff If) /) ———7 


[OO 
DRIERITE 
I— 


Schematic representation of the manner in which blood serum is (A) frozen and (B) 
dried. 

















1 
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the serum is quickly connected by means of the rubber stopper to the Woult 
Bottle, which has been equipped with tight rubber stoppers and T-tube connec- 
tions (glass) for the serum vials (Fig. 1B). The Woulf Bottle contains approxi- 
mately 4 pounds of regenerated ‘‘Drierite.’’ Simultaneously with the attach- 
ment or before, the vacuum pump is started. If the system is free from leaks, the 
moisture in the frozen serum will sublime to the chemical desiccant. As the 
moisture evaporates from the surface of the frozen serum, the removal of heat 
by vaporization is sufficient to retain the serum in the frozen state throughout 
the period of desiccation. Frost collects on the outside of the containers within 
seven minutes. The use of the stopcock grease on all connections was found 
desirable; first, to secure high vacuum throughout the system, and second, to 
facilitate the rapid attachment of the vials to the Woulf Bottle. The vacuum 
pump is allowed to maintain the vacuum of the system for a total of eighteen 
lo tweity hours to insure complete drying. At the end of this period the metal 
Sealine bands surrounding the necks of the rubber stoppers are compressed 
tightly. The rubber connections to the serum bottle are then severed from the 
Tubes at a point 14 inch distal to the compressed band. The serum thus dried 
and sealed in a vacuum is stored in a cold room until the time of feeding. 

Beiore making use of the process of freezing and drying of blood sera for 


the purpose of preservation, it was first necessary to determine whether the anti- 
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rachitic potency of serum was altered by this procedure. A number of sera wer 
assayed immediately after the sample was taken and tested again after various 
periods of storage in the dried stage. No significant change of the vitamin D 


content was noticed even after one vear of storage. 


OBSERVATIONS 


Charts 1 to 6 indicate the daily doses of vitamin D administered and the con 
centration of vitamin D found in the blood serums at different times during and 
after treatment of each of six patients. 





UNITS PER 100c.c. 


2 5 6 7 


VIT.D IN BLOOD SERUM 
ATIVG G “LIA SLINN 


3 4 
MONTHS 
Chart 1.—Vitamin D level in blood serum of W. K. during oral administration of 50,000 
units of vitamin D daily. N indicates the average vitamin D level in normal human blood 
serum (110 units per 100 c.c.) 
In all charts the line indicates the vitamin D level in blood serum and the solid black por- 
tion indicates dosage. 


Cask 1, Chart 1. W. K., white female, 45 years of age, was given 50,000 units of vi 
osterol daily for six months. Due to an insufficient amount of sample, an incomplete assay 
was made of the blood serum obtained before the treatment was started. It was assumed, 
however, for making the chart, that the initial concentration of vitamin D in the blood 
serum was around 110 U.S.P. units per 100 ¢.e., corresponding to that found in other un 
treated persons previously reported. In the sample of serum obtained thirty-five days after 
the start of treatment, the concentration of vitamin D was 1,650 units per 100 ¢.c. With the 
same dosage continued, the concentration of vitamin D in the serum progressively decreased 
to 850, 660, and 330 units per 100 ¢.c., at two and one-half months, four months, and six 


months, respectively, after the start of treatment. 


CasE 2, Chart 2. A. H. S., white male, 76 years of age, was given 150,000 units of 
I 


erystalline vitamin D, daily during two and one-half months. In one month the concentration 
of vitamin D in his blood serum rose to 6,600 U.S.P. units per 100 ¢.e., remained constant 
eighteen days, and then decreased to 4,400 units per 100 ¢.c. before the treatment was dis 
continued. Two and a half months later the concentration of vitamin D in the blood serum 
had decreased to 1,700 units per 100 ¢.c. No further blood samples were taken thereafter 
for assay. 

CASE 5, Chart 3. A. M., colored female, 43 years of age, took 180,000 units of vitamin 
D, daily for thirty-one days, and then discontinued treatment for eleven days. She the: took 
240,000 units of the same preparation daily for twenty-nine days. During the first period of 
medication the concentration of vitamin D in her blood serum rose to 3,300 units per | 
but fell to 1,600 units per 100 ¢.c. at the end of the eleven-day period without med 
At the end of the second period of medication the concentration again was 3,300 ur 
100 c.ec. Subsequently, the concentration of vitamin D in the blood serum fell to 1,6 
per 100 ec.c. at the end of one month, to 800 at the end of two months, and to 330 at 


and one-half months after the treatment was stopped. 


CASE 4, Chart 4. H. R., colored female, 30 years of age, was given 200,000 
viosterol daily for five days, then 300,000 units for twelve days, and 400,000 unit 
thereafter for four months. The vitamin D in her blood serum increased rapidly t 
centration of 13,000 units per 100 ¢.c., two and one-half months after the treatn 
started. Thereafter the concentration decreased, falling to around 8,000 units pe! 
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Chart 2.—Vitamin D level in blood serum of A. H. S. after oral administration of 150,000 units 
of vitamin D daily. 
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Chart 3.—Vitamin D level in blood serum of A. M. after oral administration of 180,000 to 
240,000 units of vitamin D daily. 


IN BLOOD SERUM 


UNITS PER 100Cc.c. 


- 400,000 


VITAMIN D 


300,000 


r 200,000 


ATIWO G'LIA SLINA 


+ 100,000 











2 3 4 5 6 7 8 9 
MONTHS 


Chart /.—Vitamin D level in blood serum of H. R. after oral administration of 400,000 units of 
vitamin D daily. 
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at the time the treatment was discontinued. After this date the concentration decreased 


5,000 units per 100 ¢.e. in one month, and to 330 units per 100 e.c. in four months, 


CASE 5, Chart 5. E. B., white female, 36 years of age, was given viosterol in doses as 
follows: 150,000 units daily for three days, 300,000 units daily for seven days, 400,000 
units daily for fourteen days, and 500,000 units daily for eighteen days. Thirst and polyuri: 
developed, and the daily dose was decreased to 400,000 units, which she took during the fol 
lowing ten days. She then developed an infection of the respiratory tract and medication 
was stopped for five weeks. After this interval she again was given 400,000 units of the same 
preparation daily for forty days; no unfavorable symptoms developed. During the first period 


of medication the concentration of vitamin D in the blood serum increased to over 9,000 units 
10,000 
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8,000 
7,000 
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Chart 5.—Vitamin D level in blood serum of E. B. after oral administration of 150,000 to 500,000 
units of vitamin D daily. 


per 100 ¢.c., but decreased to 6,600 units per 100 ¢.c. in the sample taken at the end of the 
first period when 400,000 units were taken daily. During the period when 500,000 units were 
taken daily, the concentration again rose to above 9,000 units per 100 ¢.c. In the sample 
obtained after thirty days without medication, the concentration of vitamin D in the serum 
had fallen to 3,300 units per 100 ¢.c., and this concentration continued to decrease in spite of 
the resumption of daily doses of 400,600 units. Since this patient lived at home, it is, of 
course, possible that she did not take the medicine as prescribed, although she claimed that 


she had taken it faithfully. 


Case 6, Chart 6. G. B., white male, 54 years of age, was given two preparations of 
vitamin D in three different periods. In the first period viosterol was given daily as follows: 
200,000 units for four days; 300,000 units for ten days; 400,000 units for seven days; 900,000 
units for fourteen days; and 450,000 units for five days. Because of the developme! 
thirst, polyuria, and slight nausea, medication was stopped. Seventeen days later he 
given crystalline vitamin D,, 450,000 units daily for ten days. Nausea returned and me 
tion was stopped for six months. In a third period viosterol was given in smaller 
50,000 units daily for eighteen days; 150,000 units for twenty-five days; and 200,000 
daily for five months. In Chart 6 are represented the changes in concentration of vil 
D in the blood serum during these successive periods with and without medication. | 
first period the concentration rose to 15,200 units per 100 ¢.¢., and then fell to 6,60! 
per 100 ¢.c. at the end of the first rest period of seventeen days. During the second } 
ten days, the concentration of vitamin D in the serum fell to 4,400 units per 100 c.c., alt! 
the patient again developed symptoms of intoxication. During the long rest period tl: 
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centration of vitamin D in the serum gradually fell to 550 units per 100 ¢.e. During the third 
period of medication the concentration of vitamin D in the blood serum rose to 4,400 units 
per 100 e.c., and then gradually decreased again in spite of the continued constant daily dose 


of viosterol., 
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Chart 6.—Vitamin D level in blood serum of G. B. after oral administration of 200,000 to 500,000 
units of vitamin D daily. 


DISCUSSION 


Prolonged oral administration of large doses of vitamin D (50,000 to 500,000 
International units daily) to adult patients led to an increase in the antirachitic 
potency of their blood serum. The highest potency observed was more than one 
hundred times that of normal human blood serum. Such a concentration of 
vitamin D in the serum, equal to that of cod-liver oil, was tolerated by patient 
H. R. for more than two and a half months without any symptoms of intoxiea- 
tion, but another patient (G. B.) complained of thirst, polyuria, and nausea when 
a similar level of vitamin D in his serum was reached. The concentration of 
vitamin D in the serum was roughly proportional to the daily dose of vitamin D 
administered. This fact is demonstrated by Charts 1 to 6, previously discussed, 
and hy data in Table I. Caleulations of the vitamin D content of the entire 
volume of blood serum at the time when the concentration was at its maximum 
Were based on the concentration of vitamin D per 100 ¢.c. of serum, the body 


weigh!, the blood volume (assumed to be 43 the body weight), and the per 


cent volume of cells in the blood (determined by centrifugation of a sample of 
heparinized blood, obtained at the same time as the sample used for serum 
Vitamin D determination). In Table I are listed the amounts of vitamin D thus 
ealeulated to be present in the entire blood serum of each of six patients, and the 
daily dose of vitamin D each was taking when the concentration of vitamin D 
reache| the highest level in the serum. In three patients (W. K., H. R., and 
(. B.) the maximal accumulation of vitamin D determined in the entire blood 
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serum corresponded closely to the amount that was being ingested daily. Fo 

charts (1, 2, 4, and 6) suggest, however, that the maximal concentration 

vitamin D in the serum was not maintained throughout the period during which 
the administration of large daily doses was continued. In Case 5, when t 

daily dose of 400,000 T. U. was discontinued, the concentration of vitamin |) 
in the serum promptly decreased, as was to be expected. When the same dose 
was resumed, the concentration of vitamin D in the serum did not return to its 
previous level. Such findings might be interpreted to mean a diminishing ab- 
sorption of the drug, increased excretion, or a more rapid rate of destruction of 
vitamin ID in the body. Further studies would be required to determine which 


of these explanations is the most probable. 


TABLE I 





CALCULATED AMOUNT OF 
DAILY DOSES VITAMIN DIN ENTIRE BLOOD 
I.U. ) SERUM OF PATIENT 
Ci.) 








PATIENT 











54,000 





W. K. 50,000 

A. Ho. 8: 150,000 220,000 
A. M. 180.000 110,000 
H. R. 100,000 250,000 
E. B. 100,000 186,000 


$60,000 


450 


000 





B. 





In most of the blood samples drawn from these patients for assay of the 
vitamin 1D) in the serum, the distribution of inorganie and organie aecid-solubli 
phosphorus in the serum and cells also was determined.* Although these data 
are not reported, it is germane to note here that the changes in distribution of 
phosphorus, such as were found in the bloods of these patients during their 
courses of treatment, Vgere only slight and of doubtful significance. These in 
vestigations were made beeause of earlier findings that in some conditions 
vitamin D therapy brought about large changes in the concentration of both 
inorganic and organic phosphates in the blood. In rachitic animals with low 
concentrations of inorganie phosphorus in the blood serum and of phosphoric 
esters in the blood cells, the distribution of phosphorus in the blood became 
normal following the administration of small curative doses of vitamin D*" 
In normal rabbits the administration of large doses of irradiated ergosterol led 
to great increases of inorganic phosphorus in the whole blood and of organic 
acid-soluble phosphorus in the blood cells,'') mainly accounted for in the 
diphosphoglycerate fraction.'*? The doses of irradiated ergosterol, which  pro- 
voked such changes in the distribution of phosphorus in the blood of rabbits, 
were, however, much larger in proportion to body weight than the doses admin- 
istered to the patients here reported. Moreover, the marked chemical changes 
of the bloods of rabbits were accompanied by definite signs of intoxieation, such 
as loss of weight and hyperazotemia. No attempt was inade to increase the doses 
of vitamin D given the patients to amounts causing more than very mild symp- 
toms of intoxication. It is noteworthy that the concentration of vitamin D in the 
blood may be increased to many times the normal level without mueh, if any, 


change in the distribution of phosphorus in the blood. 


*With the cooperation of Dr. S. Rapoport. 
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SUMMARY 


A method of freezing and drying blood serum, which permits preservation 


and concentration of the serum without alteration of its vitamin D content, is 
described. 

Data are reported on the vitamin D content of the blood serum of six adult 
patients during and after periods of taking large doses of vitamin D (50,000 to 
500,000 International units daily). 

During periods in which the daily high dose of vitamin D was constant, 
the concentration of vitamin D in the blood serum increased rapidly to a maximal 
level, which was roughly proportional to the daily dose. After doses of 400,000 
to 500,000 units daily the concentration of vitamin D in the serum rose to 
between 9,000 and 18,000 TI. U. per 100 ¢.¢.; in other words, to an antirachitie 
potency equal to that of cod-liver oil. Few toxie symptoms were observed in the 
patients who took such doses of vitamin D. 

During periods in which the daily high dose of vitamin D was constant there 
appeared to be a tendency for the concentration of vitamin D in the serum to 
decrease somewhat after attaining a maximal concentration. 

After abrupt withdrawal of the high daily doses of vitamin D from three to 
six months elapsed before the concentration of vitamin D in the blood serum 
fell to a normal level. 

REFERENCES 


. Warkany, J.: Estimation of Vitamin D in Blood Serum, Am. J. Dis. Child. 52: 831, 
1936. 

2, Warkany, J., and Mabon, H. E.: Estimation of Vitamin D in Blood Serum. II. 
Level of Vitamin D in Human Blood Serums, Am. J. Dis. Child. 60: 606, 1940. 

Abrams, N. R., and Bauer, W.: Treatment of Rheumatoid Arthritis With Large Doses 
of Vitamin D. Critical Evaluation, J. A. M. A. 111: 1632, 1938. 

. Shackell, L. Fi: Improved Method of Desiccation, With Some Applications to Bi 

ologieal Problems, Am, J. Physiol. 23: 825, 1909. 
Klser, W. J., Thomas, R. A., and Steffen, G. [.: Desiceation of Sera and Other Bi- 
ological Produets (Including Microorganisms) in the Frozen State With the 
Preservation of the Original Qualities of Products so Treated, J. Immunol. 28: 
Soe LOGO; 
Mlosdort, E. W., and Mudd, S.:) Improved Procedure and Apparatus for Preservation 
of Sera, Microorganisms and Other Substances—The Chryochem Process, J. 
Immunol. 34: 469, 1938. 
. Cooper, M. L., and Grabill, F. J.: Simplified Apparatus for the Preservation of Bae 
terial Cultures in the Dried State, J. Las. & CLIN. Mep. 25: 184, 1939. 

- Warkany, J.: | Blood Phosphorus During Development and Healing of Rickets; Notes 
on the Lack of Relationship Between Level of Plasma, Phosphorus and Rachitie 
State, Am. J. Dis. Child. 49: 318, 1935. 

9. Rapoport, S., and Guest, G. M.: Changes of Organie Acid-Soluble Phosphorus, 
Diphosphoglycerate, Adenosinetriphosphate, and Inorganic Phosphorus in the 
Blood Cells of Rats During the Development and Healing of Rickets, J. Biol. 
Chem. 126: 749, 1938. 

» Guest, G. M., and Rapoport, S.: | Role of Acid-Soluble Phosphorus Compounds in Red 
1ges Blood Cells in Experimental Rickets, Renal Insufticieney, Pylorie Obstruction, 
Gastroenteritis, Ammonium Chloride Acidosis and Diabetie Acidosis, Am. J. Dis. 
Child. 58: 1072, 1939. 
loses » Guest, G. M., and Warkany, J.: Effects of Overdosage of Irradiated Ergosterol in 
Rabbits; Changes in the Distribution of Phosphorus in Blood Cells and Plasma, 
J. Biol. Chem. 100: 445, 1933. 
| the «. Guest, G. M., and Rapoport, S.: Effects of Overdosage of Irradiated Ergosterol in 
Rabbits; Changes of Diphosphoglyceric Acid in the Blood Cells, J. Biol. Chem. 124: 
599, 1938. 


such 


mp- 


any, 








DEPARTMENT OF ABSTRACTS AND REVIEWS 












ROBERT A. KILDUFFE, M.D., ABSTRACT EDITOR 



















BLOOD: Blood Cells in Healthy Young Infants, Washburn, A. H. Am. J. Dis. Child. 62: 
530, 1941. 







A description is given of the postnatal readjustments in the red blood cell values 





of 15 healthy infants during the first ten to eighteen weeks of life. 






The simple explanation advanced for the observed changes is based on the comparison 





of the weekly values for the red blood cell count, the reticulocyte count, and the body 






weight for each individual baby. The comparison led to the conclusion that the decrease 






in the red blood cell count, the hemoglobin content, and the volume of packed cells in the 






first six to nine weeks of life is dependent largely on two factors. 






The first factor is the rapid increase in total body mass. This appears to involve 





a similar rate of increase in total blood volume, so that the ensuing dilution results in 






fewer red blood cells per cubic millimeter of blood. 






The second factor is the abrupt decrease in reticulocytes, indicating a sudden decrease 





in the rate of production of red blood cells. In most babies the rate of production between 






the ages of 1 week and 5 or 6 weeks appears to be too low for maintenance of the red 






blood cell level in the blood, especially in the presence of an increasing plasma volume. 






The decrease in the number of red blood cells and in the amount of hemoglobin per 






cubie millimeter of blood results in a rise in the reticulocyte percentage at about the fifth 





to eighth week. The sharpness and the persistence of the rise in different babies vary, 






roughly, with the rapidity of weight gain and the speed of decrease in the red blood cell 






count. 















In most babies the red blood cell count starts to increase between the sixth and the 





tenth week of life and continues to rise until it reaches a level of between 4,500,000 and 
5,500,000 at about 16 weeks of age. Meanwhile, the number of reticulocytes decreases to 






approximately 1.0 per cent. 






It seems probable that the period of postnatal adjustment of the red blood cells for 






most healthy babies extends over the first fifteen to twenty weeks of life. 







LEUKEMIA, Erythroblastic, Stransky, E., and Quintos, F. N. Am. J. Dis. Child. 62: 
577, 1941. 






The case of a girl, aged 2 years 3 months with chronic myelogenous leucemia is prese! 





The patient died thirty-one hours after admission to the hospital. The observations on the 





blood and the bone marrow, as well as the histologic sections, were characteristic of chronic 





myelogenous leucemia. The most striking feature in the case was the marked erythroblastosis. 





There were 61,000 nucleated red blood cells per cubic millimeter in the peripheral blood and 





more than 280,000 in the bone marrow. The majority of the nucleated red blood cells were 






normoblasts. The clinical diagnosis was chronic myelogenous leucemia, and the hematologic 






diagnosis was severe erythroblastie anemia with chronic myelogenous leucemia; the ‘inal 






diagnosis in the case was erythroblastic leucemia. The similarity between the data in ‘his 






ease and those in cases of the so-called erythroleucoblastic type of hydrops foetalis cong 





is discussed. The unknown cause of chronic myelogenous leucemia may stimulate not 





the granulocytopoietic tissue but, exceptionally, the erythropoietic tissue of the bone m: 
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BLOOD LOSS, Response of Normal Subjects to, Ebert, R. V., Stead, E. A., and Gibson, 
J.G. IT. Areh. Int. Med. 68: 578, 1941. 


Seven hundred and sixty to 1,220 ¢.c. of blood (15.5 to 19.7 per cent of the total blood 
volume as determined by the plasma volume and the hematocrit reading) were removed 
from 6 normal persons in six to thirteen minutes. In 5 of the 6 there developed collapse, 
characterized by weakness, nausea, blurred vision, pallor, sweating, and fall in arterial 
pressure. Before the onset of collapse the heart rate increased from 14 to 30 beats per 
minute. At the height of collapse the heart rate became slow, ranging between 36 and 40 beats 
per minute. 

The plasma volume began to increase immediately after hemorrhage and continued to in 
crease for the next forty-eight to seventy-two hours. At the end of seventy-two hours it was 
approximately equal to the plasma volume before hemorrhage plus the volume of red blood 
cells removed. 

During the first two hours after venesection the plasma volume was increased by 
protein-poor fluid, so that the serum protein concentration decreased. Thereafter, fluid and 
protein were added to the plasma at the same time, and the serum protein concentration re 
mained unchanged, though the total circulating protein increased. 

At the end of seventy-two hours approximately one-fourth of the plasma protein was 
protein which had been added to the plasma after venesection. Loss of blood acted as a 
physiologic stimulus for the production of normal protein, and the addition of the new protein 
did not change the proportions of the albumin and the various globulin fractions, 

When physiologic solution of sodium chloride was given intravenously immediately after 
hemorrhage, it was not retained in the blood stream in sufficient quantity to restore the plasma 
volume to normal. 

After hemorrhage the blood volume was not restored to normal until new plasma protein 
had been added to the circulation. 

Hematocrit readings in these experiments accurately reflected the direction of a change 
in plasma volume. 


NEPHROSIS: Acacia in the Treatment of the Nephrotic Syndrome, Goudsmit, A., Binger, 
M. W., and Keith, N. M. Arch. Int. Med. 68: 513, 1941. 


Intravenous injection of acacia into 4 patients who had the nephrotic type of edema 
was followed by marked increases in urinary excretion of water and of chloride (expressed 
in terms of the sodium salt). This increased excretion of sodium chloride and of water 
brings about a reversal of conditions which is significant and beneficial, considering the 
excretion by untreated patients. Neither increases in the volume of the circulating blood 
nor changes of colloid osmotic pressure appear to account for this change in renal function. 
Experiments on animals have also demonstrated this increased excretion of chloride after 
intravenous administration of acacia. It is suggested that an analogous effect might well 


be responsible for the diuretic response of these patients. 


FLUIDS, BODY, Suggested Modification of Mandelbaum’s Method of Examining, for 
Cells, Tannhauser, S. Arch. Path. 32: 450, 1941. 


(he fluid (pleural or ascitic) is collected with addition of an appropriate amount 
of an anticoagulant (sodium citrate or potassium or sodium oxalate). After centrifuging the 
mixture in a large tube with a flat round bottom, a suitable amount of oxalated or citrated 
Plasma is added; double the quantity of the remaining centrifugate has been found appro- 
priate. If, for instance, an oxalated plasma, obtained by adding 0.4 ¢.c. of 4 per cent potas- 
sium oxalate to each 10 ¢.e. of blood, is used, 10 drops of a 0.5 per cent solution of calcium 
chloride for each eubie centimeter of plasma will induce clotting. It is important to add 
foreign plasma and not to rely on the clotting properties of the body fluid, since often this 


will noi clot, owing to previous spontaneous defibrinization. The centrifugate is thoroughly 
: * 
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mixed with the plasma, and calcium chloride is added. In a short time clotting starts 


encloses all cells present in the centrifugate. After retraction the clot is transferred t: 






10 per cent solution of formaldehyde or Zenker’s fluid for fixation, and its further treatm« 






is that of any other specimen, with the fibrin of the clot holding the cells together in a satis 





factory way. 






When oxalated or citrated plasma is not available, a few centimeters of freshly obtain: 






venous blood may also be used to advantage, 





The particles of malignant growth stand out well from the blood clot. In case an 





examination of the cellular content of the fluid is desired besides examination for cells or 





particles of malignant growth, that has to be done on a separate smear before addition of the 
blood. 


This modification of the method of Mandelbaum may also be used when examination of 







sputum for malignant cells is to be made and paraffin embedding of the whole sputum is 





desired. The procedure then differs somewhat from that described: 






In order to prevent disintegration of the cells by the action of the always present 






a 


bacteria, the sputum is directly collected in a 10 per cent solution of formaldehyde. Usually 






the mucous sputum balls are dissolved or precipitated in small fragments by the formalde 






hyde (except when the sputum is highly albuminous; it then is more coherent after fixation 





with a solution of formaldehyde alone). After fixation of the sputum for twenty-four hours, 






the particles are centrifuged and washed twice with distilled water; a suitable amount of 






plasma with calcium chloride solution is then added. The resulting clot is again transferred 






to a solution of formaldehyde or Zenker’s solution for fixation, washed and dehydrated in the 






graduated alcohols as already described. 







FORENSIC MEDICINE: Significance of Dextrose and Non Dextrose Reducing Substances 
in Postmortem Blood, Hill, E. V. Arch. Path. 32: 452, 1941. 














Post-mortem samples of blood for determinations of dextrose should be removed from 


the left side of the heart if significant errors due to the post-mortem diffusion of dextrose from 





the liver to the right side of the heart are to be avoided. The dextrose responsible for the 






post-mortem rise in dextrose on the right side of the heart is liberated by glycogenolysis 





} 
do 


occurring in the liver. Fasting animals or cadavers presenting marked hepatic damage 






not show this post-mortem rise in dextrose. 






Glycolysis occurring after death causes a progressive lowering of the dextrose content of 





the heart’s blood. Intravascular and in vitro glycolysis occur at approximately the same 






rate and are not influenced by clotting of the blood, 





The rate of glycolysis was studied in vitro at various temperatures, and the tempera 





ture coefticient of the reaction was determined. 







The dextrose and nondextrose reducing substances were determined in 73 medicolegal 


and hospital cases. Significant quantities of residual dextrose were present in the majority 





of cases of asphyxia, shock, acute coronary closure, rapidly developing anoxemia, increasing 





intracranial pressure, and fluoride poisoning, indicating that agonal hyperglycemia was 






present, 





For significant results in cases in which hypoglycemia is suspected, specimens of blood 






for analysis should be taken within two hours after death. 
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